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ABSTRACT 

T h i s  s t u d y  f o r  t h e  d e t e r m i n a t i o n  o f  I n d e n t  De2th and Conf ig-  
u r  a t i o n  f o r  T4ax i m u m  Re l i a  b i  l i t y  Co nnec t i o  n s of Nick e 1-P l a  t ed  
Copper Xire i n  Go ld -P la t ed  Connector  C o n t a c t s  p r e p a r e d  and ob- 
t a i n e d  d a t a  f rom o v e r  200 d i f f e r e n t  c o n t a c t - w i r e  c o m b i n a t i o n s .  
The i n d e p e n d e n t  v a r i a b l e s  were: c o n t a c t  t y p e ,  c o n t a c t  s i z e ,  
wire s i z e ,  i n d e n t  c o n f i g u r a t i o n ,  and i n d e n t o r  s p a c i n g .  The 
d a t a  were p r o c e s s e d  and ana lyzed .  

The c o n c l u s i o n s  r e a c h e d  a r e  t h a t  t h e  d o u b l e  i n d e n t  c o n f i g u r a -  
t i o n  y i e l d s  s i g n i f i c a n t l y  g r e a t e r  t e n s i l e  s t r e n g t h  f o r  t h e  NAS 
and MS c o n t a c t s  t h a n  was o b t a i n e d  w i t h  a s i n g l e  i n d e n t  c o n f i g -  
u r a t i o n .  I n  a d d i t i o n ,  t h e  e x t e n t  o f  v a r i a b i l i t y  o f  t h e  t e n s i l e  
s t r e n g t h  i s  l e s s  f o r  t h e  d o u b l e  i n d e n t  c o n f i g u r a t i o n  t h a n  f o r  
t h e  s i n g l e  i n d e n t  c o n f i g u r a t i o n .  The d a t a  r e v e a l e d  t h a t  c r imp  
c o n t a c t  t e n s i l e  s t r e n g t h  e q u a l  t o  t h e  s t r e n g t h  o f  t h e  wire may 
b e  o b t a i n e d  f o r  a n  optimum d o u b l e  i n d e n t  i n d e n t o r  s p a c i n g .  

Based upon t h e  d e r i v e d  d a t a  f o r  t h e  s p e c i f i e d  i n d e n t o r  s e t t i n g s ,  
t h e  above  c o n c l u s i o n  i s  i n d i c a t e d  b u t  i s  n o t  c o n s i d e r e d  v a l i d  
f o r  t h e  Bendix Type CE cr imped c o n t a c t s .  The d a t a  do  i n d i c a t e  
t h a t  t h e  optimum r a n g e  o f  i n d e n t o r  s e t t i n g s  may be 2 .0  t o  4 .0  
t h o u s a n d t h s  g r e a t e r  f o r  t h e  CE-type c o n t a c t s  t h a n  f o r  t h e  PJAS 
2nd !IS t y p e s  when s. d o u b l e  Zndznt  c o n f i c u r a t i o n  i s  u t i l i z e d .  

L n e  s t u d y  r e v e a l e d  t h a t  t h e  qarnple  specimens crimper: i v i t h  t h e  
d o t - k l e  iricierit c o n f i y u r d x i o n  y i e i a e a  Less i n c r e a s e  i n  v o i t a g e  
d r o p  a s  a f u n c t i o n  of t h e  e n v i r o n m e n t a l  s t r e s s i n g .  

The s t u d y  r e v e a l e d  t h a t  t h e  v o l t a g e  d r o p  c h a r a c t e r i s t i c s  o f  t h e  
Bendix  Type CE c o n t a c t s  were not  s i g n i f i c a n t l y  changed by t h e  
s t r e s s  o f  t e n  d a y s  of s a l t  f o g .  

The s t u d y  r e v e a l e d  t h a t  t h e  v o l t a g e  d r o p  c h a r a c t e r i s t i c s  of t h e  
NAS and r,is t y p e  c o n t a c t s  were s i g n i f i c a n t l y  deg raged  by t h e  ex- 
p o s u r e  t o  t e n  d a y s  of 1/2 p e r c e n t  s a l t  f o g  a t  +50 C.  

The r e a s o n  f o r  t h e  v e r y  s m a l l  v o l t a g e  d r o p  change  f o r  t h e  E- 
t y p e  c o n t a c t s  a s  a f u n c t i o n  o f  t h e  e n v i r o n m e n t a l  s t r e s s  t e s t s  
i s  n o t  immedia t e ly  a p p a r e n t .  The CE c o n t a c t s  were n o t  f u r t h e r  
ana  l y z e d  o r  i n v e s t i g a t e d  . 

T I  

The d i m e n s i o n a l  changes  i n  any o f  t h e  c o n t a c t  g r o u p s  were n o t  
c o n s i d e r e d  a s  be ing  s i g n i f i c a n t .  
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FOREWORD 

T h i s  i s  a documentary  r e p o r t  o n  t h e  s t u d y  e f f o r t  f o r  t h e  de- 
t e r m i n a t i o n  of I n d e n t  Depth and C o n f i g u r a t i o n  f o r  iulaximurn !?e- 
l i a b i l i t y  Connec t ions  o f  N i c k e l - p l a t e d  Copper Wire i n  G o l d -  
p l a t e d  Connec to r  C o n t a c t s ,  M a s s h a l l  Space  F l i g h t  C e n t e r  C o n t r a c t  
No. NAS 8-20407. The t e c h n i c a l  g u i d e l i n e s  f o r  t h i s  s t u d y  a r e  
g i v e n  h e r e .  

I 
i 
I 
t 
I 

I 

STATEIJiENT OF 'J"I0RK 

The C o n t r a c t o r  s h a l l  p r e p a r e  and t e s t  t h e  f o l l o w i n g  cr imp con- 
n e c t i o n s .  
and t h e  c o n t a c t  t y p e s  and s i z e s  and wire s i z e s  l i s t e d .  

The c o n n e c t i o n s  s h a l l  be  made u s i n g  :1,IIL-C-27500 w i r e  

Qua n t  i t v  
Co n t  a c t \Vir e I n d e n t o r *  Double S i n g  l e  

Size S g a c i n a  I n d e n t  J n d e n t  
C o n t a c t  

Tvge S i z e  

NAS 1662 20 22 0 . 0 3 4  
0 . 0 3 7  
0.040 
0.043 

NAS 1662 20 3 - {I 0.037 
0.c140 
0.043 
0.046 

100 100 

NAS 1662 16 20 0 . 0 3 7  
0 . 0 4 0  
0 . 0 4 3  
0.046 

NAS 1662 16 16 0 . 0 4 3  
0.046 
0 .050  
0 .054  

NAS 1663 20 22 0.034 
0 . 0 3 7  
0 .040  
0.043 

NAS 1663 20 20 0 .037  
0 .040  
0 .043  
0.046 100 100 

* ( I n d e n t o r  s p a c i n g  i s  t h e  d imens ion  "A" a s  s p e c i f i e d  by LS 3 1 9 1 ) .  
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Q u a n t i t y  
C o n t a c t  I"Jire I n d e n t o r *  Double S i n g l e  

I n d e n t  I n d e n t  S ize  TvDe S i z e  SDacina 
C o n t a c t  

NAS 1663 

NAS 1663 

MS 3192 

MS 3192 

i4S 3 192 

?*is 3 192 

MS 3193 

MS 3193 

16 

16 

20 

20 

16 

16 

20 

20 

20 

16 

22 

20 

20 

16 

22 

20 

0.037 
0.040 
0.043 
0.046 

0.043 
0.046 
0.050 
0.054 

0.034 
0.037 
0.040 
0.043 

0,037 
0.040 
0.043 
0. C46 

0.037 
0.040 
0.043 
0.046 

100 100 

0.043 
0.046 
0.050 
0.054 

0.034 
0.037 
0.040 
0.043 

0,037 
0.040 
0.043 
0.046 100 100 

* ( I n d e n t o r  s p a c i n g  i s  t h e  d imens ion  IIAtl a s  s p e c i f i e d  by MS 3191) 
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3 u a n t i t y  
Double S i n g l e  

SDacinq I n d e n t  I n d e n t  
C o n t a c t  C o n t a c t  Y!ir e I n d e n t o r *  
TYDe S i z e  S i z e  

i.iS 3 193 16 20 

i.;S 3 193 16 16 

Bendix CE 2 0 ( p i n )  22 

Bendix CE 

Bendix CE 

Bendix CE 

Bendix  CE 

Bendix  CE 

Bendix  CE 

2 0 ( p i n )  20 

l b ( p n i n )  70 

1 6 ( p i n )  16 

2 0 (  s o c k e t ) 2 2  

2 0 (  s o c k e t ) 2 0  

16 ( s o c k e t )  16 

0.037 
0.040 
0.943 
0.046 

0.043 
0.046 
0,050 
0.054 

0.034 
0.037 
0.040 
0.043 

0,037 
0.040 
0.043 
0.046 

o.n.37 
0.340 
3.  !243 
0.046 

0.043 
0.046 
0.050 
0.054 

0.034 
0.037 
0.040 
0.043 

0.037 
0.040 
0.043 
0.046 

100 100 

0.043 
0.046 
0.050 
0.054 100 100 

* ( I n d e n t o r  s p a c i n g  i s  t h e  d imens ion  'IA1l a s  s p e c i f i e d  by ??IS 3191). 
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I 

The t e s t  spec imens  f o r  each  wire s i ze ,  c o n t a c t  s i z e  and i n d e n t o r  
s p a c i n g  and c o n f i g u r a t i o n  combina t ion  s h a l l  be d i v i d e d  i n t o  two 
g r o u p s  o f  50  each .  Twelve samples  s h a l l  be s e l e c t e d  from each  
g r o u p  and i d e n t i f i e d  and s u b j e c t e d  t o  t h e  f o l l o w i n g  t e s t s  and 
mea sur ement s : 

1. Vol tage  d r o p  t e s t  per MIL-T-22520B 
2. Defo rma t ion  of c r imp b a r r e l  p e r  MIL-T-22520B 
3 .  A x i a l  bending  p e r  MIL-T-22520B 
4. Depth of i n d e n t  i n  c o n t a c t  b a r r e l .  (Depth  of i n d e n t  

c o r r e s p o n d s  t o  i n d e n t o r  spac ing .  It i s  t h e  i n d e n t o r  s p a c i n g  
p l u s  t h e  s p r i n g  b a c k ) ,  

Fo l lowing  t h e  above e x a m i n a t i o n s ,  one  g r o u p  ( i n c l u d i n g  t h e  12 
s e l e c t e d  f o r  measu remen t s ) ,  s h a l l  b e  t e n s i l e  t e s t e d  p e r  MIL-T- 
225208, The o t h e r  g r o u p  ( a l s o  i n c l u d i n g  t h e  12 s e l e c t e d  from 
t h i s  g r o u p  f o r  m e a s u r e m e n t s ) ,  s h a l l  be  s u b j e c t e d  t o  t h e  f o l l o w -  
i n g  e n v i r o n m e n t a l  t e s t  p e r  MIL-STD-202B: 

1, Thermal  Shock pe r  Method 107A - Test C o n d i t i o n  llC1l 
2.  Tempera tu re  C y c l i n g  per Method 102A - Test C o n d i t i o n  

3 .  L i f e  T e s t  p e r  Method 108 - Test  C o n d i t i o n  IIBtl 
4.  V i b r a t i o n  Test  p e r  Method 204A - Test  C o n d i t i o n  'IBI1 

11 D I1 

F o l l o w i n g  e n v i r o n m e n t a l  t e s t s ,  t e s t s  1 and 4 ( v o l t a g e  d r o p  and 
i n d e n t  d e p t h )  above s h a l l  he r e p e a t e d  on t h e  12  specimens t h a t  
were t e s t e d  p r i o r  t o  t h e  e n v i r o n m e n t a l  t e s t s ,  and l a s t ,  t h i s  
g r o u p  s h a l l  be t e n s i l e  t e s t e d  per IdIL-T-22520B. A l l  t e s t  r e -  
s u l t s  s h a l l  be r e c o r d e d  and i n d i v i d u a l  t e s t  spec imens  i d e n t i -  
f i e d ,  where n e c e s s a r y ,  i n  o r d e r  t h a t  t e s t  r e s u l t s  may be 
c o r r e l a t e d .  The c o n t r a c t o r  s h a l l  compute t h e  a r i t h m e t i c  mean 
and t h e  s t a n d a r d  d e v i a t i o n  f o r  each  t e s t  f o r  a l l  w i r e - c o n t a c t -  
c r  imp-indent  c o m b i n a t i o n s  t e s t e d .  

The c o n t r a c t o r  s h a l l  f u r n i s h  two c o p i e s  and one  r e p r o d u c i b l e  o f  
a l l  t e s t  d a t a ,  c o m p u t a t i o n s ,  and o t h e r  i n f o r m a t i o n  p e r t i n e n t  t o  
t h e  pe r fo rmance  of t h i s  t e s t  program. Documents s h a l l  be  de -  
l i v e r e d  i n  a c c o r d a n c e  w i t h  i n s t r u c t i o n  f rom t h e  C o n t r a c t i n g  
O f f i c e r .  A l l  t e s t  spec imens  s h a l l  be r e t a i n e d  by t h e  c o n t r a c t o r  
u n t i l  c o n t r a c t  i s  comple ted  and t h e n  d i s c a r d e d .  
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1. PROGRAM DELINEATION 

1.1 The S tudv  i n  Gen e r a 1  

Upon r e c e i p t  o f  t h e  c o n t r a c t ,  p rocuremen t s  were i n i t i a t e d  
f o r  t h e  r e q u i r e d  g o l d - p l a t e d  c o n t a c t s ,  n i c k e l - p l a t e d  w i r e ,  cr imp- 
i n g  t o o l s ,  and g a g e s .  The specimen i d e n t i f i c a t i o n  f o r m a t  was re- 
viewed and f i n a l i z e d .  A program was p r e p a r e d  t o  g e n e r a t e  t h e  
r e q u i r e d  fo rms  f o r  t h e  r e c o r d i n g  o f  t h e  s p e c i f i e d  d a t a  u t i l i z -  
i n g  e l e c t r o n i c  d a t a  p r o c e s s i n g  means. Work orders were issued 
t o  p r e p a r e  t h e  r e q u i r e d  specimens.  Data  were t a k e n  a s  s p e c i f i e d  
i n  t h e  S t a t e m e n t  of  Work p r i o r  and a f t e r  env i ronmen t  e x p o s u r e .  
The d e r i v e d  d a t a  were p r o c e s s e d  t o  y i e l d  t h e  summary i n f o r m a t i o n ,  
d a t a  compar i sons ,  and t h e  c u r v e s  p r e s e n t e d  h e r e i n .  

1.2 C o n t a c t s  

The r e q u i r e d  and s p e c i f i e d  c o n t a c t s  were p r o c u r e d  
d i r e c t l y  f rom approved  m a n u f a c t u r e r s  c u r r e n t l y  i n  produciiu1-1. 
T h i s  e l i m i n a t e d  problems,  such  a s  c o n t a m i n a t i o n  f rom l u b r i c a n t s ,  
which h a v e  a r i s e n  i n  t h e  p a s t  when c o n t a c t s  f rom j o b b e r  s t o c k s  
have  been  used and a l s o  t h e  p o s s i b i l i t y  o f  o b t a i n i n g  c o n t a c t s  t o  
t h e  same s p e c i f i c a t i o n  which had been  f a b r i c a t e d  by more t h a n  
o n e  company. The p u r c h a s e  o r d e r s  i s s u e d  a r e  g i v e n  i n  append ix  A.  

1.3 Wire 

The r e s p o n s i v e  q i l o t a t i o n s  f rom a c c e p t a b l e  s o u r c e s  f o r  
n i c k e l - p l a t e d  and T e f l o n  i n s u l a t e d  coppe r  wire, w i t h o u t  a DO 
r a t i n g ,  i n d i c a t e d  p r o b a b l e  d e l i v e r y  of a p p r o x i m a t e l y  20 weeks. 
The Space  F l i g h t  C e n t e r  c o u l d  s u p p l y  o n l y  two o f  t h e  r e q u i r e d  
t h r e e  wire s i z e s  a s  GFM. I n  o r d e r  n o t  t o  d e l a y  t h e  program, i t  
was a g r e e d  t o  p u r c h a s e  t h e  n i c k e l - p l a t e  wires from more t h a n  one  
s o u r c e .  A t o t a l  o f  s e v e n  s o u r c e s  were u t i l i z e d  and t h e s e  a r e  
g i v e n  a s  append ix  A. 

1.4 . .  
To p r o v i d e  un i fo rm c r imping  a c t i o n ,  w i t h  f l e x i b i l i t y  i n  

i n d e n t o r  c o n f i g u r a t i o n  and s p a c i n g ,  a C l a s s  I1 MIL-T-22520 c y c l e -  
c o n t r o l l e d ,  manual  f e e d  pneumatic  c r i m p i n g  t o o l  was p rocured .  
T h i s  t o o l  was assembled  and mounted w i t h  a s s o c i a t e d  a i r  f i l t e r ,  
r e g u l a t o r ,  o i l e r ,  and r e s e r v o i r  f o r  use i n  t h e  c r imping  of  t h e  
s p e c i m e n s  f o r  t h i s  t a s k  o n l y .  F i g u r e  1 i s  a pho tograph  o s  t h i s  
i n s t a l l a t i o n .  
a r e  l i s t e d  i n  append ix  A. 

The p u r c h a s e d  t o o l  and a s s o c i a t e d  a c c e s s o r i e s  
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Figure 1. A Cycle-Control, Manual Feed Pneumatic Crimping Tool Installation 
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Figure 2. Wire Strip for Indent Study Typical 
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1.5 G a s e s  

Seven  wire g a g e s  c o r r e s p o n d i n g  t o  t h e  s p e c i f i e d  i n d e n t o r  
s p a c i n g s  were p r o c u r e d  and a s s i g n e d  t o  t h e  c r imping  t o o l .  An 
i n s p e c t o r ' s  d i a l  i n d i c a t i n g  gage  was p r o c u r e d  and a d a p t e d  by t h e  
t o o l  and gage  d e p a r t m e n t  f o r  d e p t h  measurements .  A p r e c i s i o n  
j e w e l e r ' s  chuck and o p t i c a l  compara to r  were a v a i l a b l e  f o r  t h e  
d e t e r m i n a t i o n  of a x i a l  bending  and d e f o r m a t i o n .  
f a b r i c a t e d  t o  a i d  i n  t h e  measurement o f  v o l t a g e  d rop .  
c u r r e n t  s o u r c e s  and m i l l i v o l t  meter  were a v a i l a b l e  f rom t h e  
!"le t r  o l o g y  Labor a t o r y .  

1.6 SamPle P r e D a r a t i o q  

f rom 6O-foot  l e n g t h s  o f  t h e  s p e c i f i e d  w i r e  stamped w i t h  t h e  l o t  
i d e n t i t y  nomenc la tu re .  A f t e r  h e a t  s t amping ,  t h e  w i r e  was 
s i n t e r e d  t o  pe rmanen t ly  a f f i x  t h e  s tamping  t o  t h e  T e f l o n  i n s u -  
i a t i o n .  lrle wire  ;\;as c u t  i z t c  1e.n.gths be tween 11 and 12 i n c h e s .  
T h e  i n s u l a t i o n  was h e a t  t l r i nged l l  o n  e a c h  end by s e m i a u t o m a t i c  
h e a t  s t r i p p e r s  i n  a c c o r d a n c e  w i t h  t h e  s k e t c h  i n  f i g u r e  2. The 
bund les  o f  60 wires were then r e a d y  t o  be cr imped.  

The c r i m p i n g  t o o l  w i t h  e i t h e r  t h e  s i n g l e  o r  t h e  d o u b l e  i n d e n t o r  
cam assembly  was s e t  t o  t h e  des i r ed  i n d e n t o r  s p a c i n g ,  and t h e  
100 o r  more spec imens  were p repa red .  P r i o r  t o  c r i m p i n g ,  h e a t  
s h r i n k a b l e  number bands  were a t t a c h e d  t o  e a c h  end o f  t h e  sample  
wires. It was a l s o  a p r a c t i c e  n o t  t o  remove t h e  h e a t  s t r i p p e d  
i n s u l a t i o n  u n t i l  j u s t  p r i o r  t o  c r imping  t o  g u a r a n t e e  a minimum 
o f  d i s t u r b a n c e  of  t h e  l a y  of  t h e  wire s t r a n d i n g .  

A t e s t  j i g  was 
C a l i b r a t e d  

The i n d i v i d u a l  l o t s  o f  sample spec imens  were p r e p a r e d  

?.I 

1.7 SamDle I d e n t i f  i c a t i o u  

To i d e n t i f y  e a c h  o f  t h e  g r o u p s  of  s a m p l e  spec imens ,  a 
n o m e n c l a t u r e  f o r m a t  was p r e p a r e d .  The f o r m a t  was f u l l y  d e s -  
c r i p t i v e  o f  t h e  p a r a m e t e r s  s p e c i f i e d  f o r  t h a t  g r o u p  of t h e  
c r imped  spec imens .  The f o r m a t  i s  g i v e n  i n  t a b l e  1 f o l l o w i n g .  

14 
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TABLE 1 

NOMENCLATURE FORIYAT FOR GROUPS OF SAMPLE SPEC IblENS 

C o n t a c t  TvDe Con t a c t  S i z e  J n d e n t  I n d e n t o r  Wire 
S pa c i n a  S i z e  

Abrev. C T  c s  I S  w s I 

- 6 7  e L O  11 12 14 15 IBM Col .  1 2 3 4 

2 0  S 0 3 4  2 2  1 6 6 2  

1 6 6 3  

3 1 9 2  

3 1 9 3  

C E P I  

C E S O  

1 6  D 0 3 7  2 0  

0 4 0  1 6  

0 4 3  

8 4 5  

0 5 0  

0 5 4  

0 3 2  

0 5 9  

To f a c i l i t a t e  s u b s e q u e n t  s o r t i n g  i n  d a t a  p r o c e s s i n g ,  e a c h  of  t h e  
l o t s  was a s s i g n e d  a t h r e e - d i g i t  number t o  be l o c a t e d  i n  columns 
77-78-79 o f  t h e  d a t a  c a r d .  
a p p e n d i x  B. 

17, 18, 19) .  

These numbers a r e  i d e n t i f i e d  i n  
Specimen sample numbers i n  e a c h  l o t  were a s s i g n e d  

I--- I I v l l ,  ~ 1 A k - - - * * - L  Llrruuyr. 2 m 3 u i m i t m  ..._ _._...____ 5f 120 a s  r e q u i r e d  ( d a t a  c a r d  columns 

1.8 Data Breakdown and Format 

To s e p a r a t e  t h e  d a t a ,  it was n e c e s s a r y  t o  i d e n i f y  t h e  
d i f f e r e n t  b l o c k s  w i t h i n  e a c h  group.  
n o t a t i o n  was a s s i g n e d  and e n t e r e d  i n  Column 46: 

The f o l l o w i n g  a l p h a b e t i c a l  

A - Tensile s t r e n g t h  o n l y  from 38 spec imens .  
B - I n d e n t  d e p t h ,  v o l t a g e  d r o p ,  d e f o r m a t i o n ,  a x i a l  

bend ing ,  and t e n s i l e  s t r e n g t h  f rom 12 spec imens .  
E - T e n s i l e  s t r e n g t h  o n l y  from 38 spec imens  

e n v i r o n m e n t a l l y  s t r e s s e d  
S - I n d e n t  d e p t h ,  v o l t a g e  d r o p ,  d e f o r m a t i o n  and a x i a l  

bend ing  p r i o r  t o  e n v i r o n m e n t a l  exposure .  
I n d e n t  d e p t h  and v o l t a g e  d r o p  a f t e r  e n v i r o n m e n t a l  
e x p o s u r e .  
Ten-day s a l t  f o g  e x p o s u r e  f o l l o w e d  by v o l t a g e  d r o p  
and t e n s i l e  s t r e n g t h .  



I 
i 
i 
i 
i 
1 

t 

I 

I 
I 

2 - A t e n s i l e  s t r e n g t h  o n l y  f o r  i n d e n t o r  s p a c i n g s  o u t -  
s ide  t h e  s p e c i f i e d  r a n g e  

A l l  d a t a  was r e c o r d e d  e i t h e r  d i r e c t l y  o n  d a t a  c a r d s  o r  i n  t h e  
d a t a  logs. The i n f o r m a t i o n  i n  t h e  d a t a  l o g s  was t r a n s f e r r e d  t o  
c a r d s .  

The f o r m a t  p r e s c r i b e d  f o r  t h e  d a t a  c a r d s  i s  g i v e n  i n  f i g u r e  3. 

I d e n t i f i c a t i o n  of t h e  d a t a  s p e c i f i e d  f o r  t h e  columns of t h e  c a r d  
i s  g i v e n  h e r e .  

Columns 1 t h r o u g h  19 - 
Columns 2 1  t h r o u g h  32 - 
Columns 34, 35, 36 - 
Columns 38, 39, 40 - 
Columns 42, 43, 44 - 
Column 46 - 
Columns 48 t h r o u g h  59 - 

Columns 61, 62, 63 - 
Columns 65, 66, 67, 68- 
Columns 71, 72, 73 - 
Columns 77, 78, 79 - 

a r e  u t i l i z e d  t o  i d e n t i f y  e a c h  
sample  spec imen,  p a r a g r a p h  1.7. 
measured i n d e n t  d e p t h  ( l / l O  m i l . )  
v o l t a g e  d r o p  (1/10 MV) 
d e f o r m a t i o n  d i a m e t e r  ( m i l )  
a x i a l  bending  (1/10 m i l )  

measured  i n d e n t  d e p t h  a f t e r  
env i ronmen t  a 1 exp s u r  e 
( I / ~ C I  m i l )  
v o l t a g e  d r o p  a f t e r  e n v i r o n -  
m e n t a l  e x p o s u r e  (1/10 MV) 
t e n s i l e  s t r e n g t h  (l/lO pound) 
v o l t a g e  d r o p  a f t e r  s a l t  f o g  
e x p o s u r e  ( 1/10 MV) 
numeric  g r o u p  i d e n t i t y  and 
sor t i n g  number 

-I-+- c l l l n , , m  
uaba y ~ u u y  

1.9 Tens i l e  D a t a ,  "A" Only 

Upon t h e  c o m p l e t i o n  o f  each  of t h e  100 o r  more c r imp  
c o n n e c t i o n s  o f  one  o f  t h e  s D e c i f i e d  l o t s ,  a minimum o f  30 were 
removed f o r  immedia te  t e n s i l e  t e s t i n g .  These  d a t a  were t r a n s -  
f e r r e d  t o  c a r d s .  A m o d i f i e d  computer program was p r e p a r e d  and 
t h e  t e n s i l e  d a t a  p r o c e s s e d .  
I n t e r i m  Repor t .  The S t a t i s t i c a l  A n a l y s i s ,  p r e s e n t e d  i n  s e c t i o n  
2 and a p p e n d i x  E ,  i s  based  upon t h i s  d a t a .  

T h i s  p r o c e d u r e  gave  a n  e a r l y  i n d i c a t i o n  o f  t h e  c r imping  p r o c e d u r e .  
The results  were e v a l u a t e d  and compared f o r  u n i f o r m i t y .  

1.10 Da ta .  "Btl 

The r e s u l t s  were s u p p l i e d  a s  a n  

The d a t a  s p e c i f i e d  for two samples  of 12 spec imens  f rom 
e a c h  of t h e  l o t s  were t a k e n  and r e c o r d e d .  
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1.10.1 Jn d e n t  DeDth 

The d e p t h  o f  i n d e n t  o f  a c r imped c o n t a c t  i s  d e f i n e d  a s  
t h e  i n d e n t o r  s p a c i n g  p l u s  t h e  s p r i n g  back of t h e  wire and con- 
t a c t  b a r r e l .  It i s  a lways  g r e a t e r  t h a n  t h e  i n d e n t o r  s p a c i n g .  
The a c c e p t e d  method of measurement i s  by t h e  use of p o i n t e d  micro-  
meters. S i n c e  t h i s  p r o c e d u r e  i s  r a t h e r  s low and t e d i o u s ,  a n  i n =  
s p e c t o r ' s  bench gage  w i t h  d i a l  i n d i c a t o r  w i t h  p o i n t  c o n t a c t s  was 
a s sembled  and c a l i b r a t e d .  
r e a d i n g  0.0001 i n c h ,  b u t  due  t o  o t h e r  v a r i a b l e s  t h e  a c c u r a c y  o f  
measurement  a f t e r  c a l i b r a t i o n  was c o n s i d e r e d  20.0005 i n c h ,  
nominal .  
measurements  be tween p o i n t s  and t h e  s k i l l  of t h e  o p e r a t o r .  The 
measurements  were checked  on  a sample b a s i s  f o r  a l l  g r o u p s  by 
t h e  mic romete r  t e c h n i q u e  by a m e c h a n i c a l  i n s p e c t o r .  

The d i a l  i n d i c a t o r  was c a p a b l e  o f  

The v a r i a b l e s  a r e  t h o s e  p r i m a r i l y  a s s o c i a t e d  w i t h  

1.10.2 Ax i a l  Bendinq 
- I  l n e  ~lleasijreiii~iit a f  axis? b e ~ d l ~ ~ ~  p e r  LIIL-T-22520B W ~ C ;  

accompl i shed  by mounting t h e  c o n t a c t  i n  a p r e c i s i o n  j e w e l e r s  
chuck ,  r o t a t i n g  i n  a vee  b l o c k ,  and measu r ing  t h e  r u n o u t  o n  a n  
c p t i c a l  compara to r .  

1.10.3 D e f o r m a t i o q  

The measurement  o f  d e f o r m a t i o n  o r  maximum d i a m e t e r  per 
MIL-T-22520B was accompl i shed  wi th  t h e  same i n s t r u m e n t s  u s e d  f o r  
a x i a l  bending .  
maximum d i a m e t e r  o f  t h e  c r imp  a r e a  was measured.  

The clamped c r i m p  c o n t a c t  was r o t a t e d  and t h e  

1.10.4 V o l t a a e  D roD 

The measurement of  v o l t a g e  d r o p  was accompl i shed  w i t h  a 
t e s t  j i g  which h e l d  t h e  12'; spec imens  i n  s p r i n g  c l i p s  making 
e l e c t r i c a l  and m e c h a n i c a l  c o n t a c t  a t  each  t e r m i n a l  and a t  t h e  
b a r e d  a r e a  1/2 i n c h  f rom t h e  crimp l i n e .  A c a l i b r a t e d  power 
s u p p l y  p r o v i d e d  t h e  s p e c i f i e d  c u r r e n t  and a vacuum t u b e  v o l t -  
meter measured  t h e  v o l t a g e  d r o p  f rom t h e  c r imp  b a r r e l  r i m  and 
t h e  s t r i p p e d  a r e a  o n  t h e  wire, 

1.11 tal S t r e s s  
Twelve c r imp  d a t a  spec imens  and 38 unmeasured spec imens  

f rom e a c h  g r o u p  were combined t o  fo rm t h e  50 spec imens  r e q u i r e d  
f o r  e n v i r o n m e n t a l  s t ress  exposure .  
exposed  t o g e t h e r  a t  t h e  same time. 
g i v e n  i n  a p p e n d i x  C. 

The 9,200 c o n n e c t i o n s  were 
The e x p o s u r e  r e p o r t  i s  

. 
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1.12 T e n s i l e  Da ta  tlA1l and ItBt1 

The o t h e r  12 c r imp  d a t a  spec imens  and t h e  r e m a i n i n g  un- 
measured  spec imens  f o r  each  group were t e n s i l e  t e s t e d .  The 
d a t a  f rom t h i s  t e n s i l e  t e s t  were combined w i t h  t h e  30 p e r c e n t  
t e n s i l e  t e s t  d a t a  t o  g i v e  t h e  t e n s i l e  s t r e n g t h  d a t a  f o r  t h e  
spec imens  n o t  exposed t o  t h e  e n v i r o n m e n t a l  s t r e s s .  

1.13 T e n s i l e  Da ta  IfEtl 

A t  t h e  c o m p l e t i o n  of  t h e  e n v i r o n m e n t a l  s t r e s s  e x p o s u r e ,  
t h e  38 unmeasured spec imens  from each  g r o u p  were t e n s i l e  t e s t e d .  
T h i s  p r o v i d e d  t h e  v a l u e s  of  t e n s i l e  s t r e n g t h  of  t h e  cr imped 
c o n n e c t i o n  a f t e r  e x p o s u r e  t o  t h e  e n v i r o n m e n t a l  s t r e s s .  

1.14 C r i m D  Data  I I E t l  

The 12 p r e v i o u s l y  measured and e n v i r o n m e n t a l l y  s t r e s s e d  
spec imens  were r e m e a s u r e d  f o r  i n d e n t  d e p t h  and v o l t a g e  d r o p , ,  
T h i s  p r o v i d e d  i n f o r m a t i o n  o n  p o s s i b l e  d e g r a d a t i o n  of t h e  cr imped 
c o n n e c t i o n s .  

1.15 S a l t  Foa ExDosure 

I n  a c c o r d a n c e  w i t h  a c o n t r a c t  amendment, t h e  12 
measured  spec imens  f rom t h e  envi ronment  t e s t  !ere exposed t o  
10 d a y s  o f  s a l t  f o g .  The t e m p e r a t u r e  was +50 C and t h e  s a l t  
c o n c e n t r a t i o n  was 0.5 p e r c e n t .  Appendix C i n c l u d e s  t h e  s a l t  
f o g  t e s t  r e p o r t  o f  t h e  Env i ronmen ta l  Test  L a b o r a t o r y .  

1.16 S a l t  Foa T e n s i l e  and V o l t a a e  Dror, Da ta .  lIS1l 

A t  t h e  c o n c l u s i o n  o f  t h e  s a l t  f o g  e x p o s u r e ,  t h e  12  
measured  spec imens  were s u b j e c t e d  t o  a t h i r d  v o l t a g e  d r o p  
measurement  f o l l o w e d  by f i n a l  t e n s i l e  d a t a .  These  g a v e  i n f o r -  
m a t i o n  o n  t h e  e x t e n t  o f  d e g r a d a t i o n  o f  t h e  c r imped c o n t a c t s  
m e c h a n i c a l  and e l e c t r i c a l  p r o p e r t i e s  a s  a f u n c t i o n  o f  t h e  s a l t  
f o g  s t r e s s .  

1.17 SuDPlem e n t a r v  Gro U D Z  

V a r i a t i o n s  i n  t h e  u n i f o r m i t y  o f  t h e  mean t e n s i l e  
s t r e n g t h  prompted t h e  f a b r i c a t i o n  of s u p p l e m e n t a r y  g r o u p s  f o r  
a n a l y s i s .  The f i r s t  l o t  was p repa red  t o  answer q u e s t i o n s  
c o n c e r n i n g  a p p a r e n t  non-uni formi ty  of t e n s i l e  s t r e n g t h  a s  a 
f u n c t i o n  of i n d e n t o r  s p a c i n g  w i t h i n  t h e  s p e c i f i e d  i n d e n t  r a n g e  
f o r  a p a r t i c u l a r  c o n t a c t  and wire combina t ion .  The o n l y  
u n c o n t r o l l e d  v a r i a b l e  was t h e  wire. To c o n f i r m  t h i s  supplemen- 
t a r y  g r o u p s  were p r e p a r e d  f rom stamped,  c u t ,  and s t r i p p e d  o v e r -  
r u n  wires w i t h  t h e  c o n t a c t s  crimped t o  a n  i n d e n t o r  s p a c i n g  
d i f f e r e n t  f rom t h a t  s p e c i f i e d  on t h e  wire s tamping .  The second 
l o t  o f  s u p p l e m e n t a r y  g r o u p s  was made up  o f  sample  spec imens  



cr imped t o  a f i f t h  i n d e n t o r  spac ing  beyond t h e  s p e c i f i e d  r a n g e .  
These  a r e  i d e n t i f i e d  by 200 s e r i e s  number i n  Columns 77, 78, and 
79. A t h i r d  l o t  o f  supp lemen ta ry  g r o u p s  was p r e p a r e d  t o  p r o v i d e  
c o n t i n u i t y  i n  t h e  s t a t i s t i c a l  a n a l y s i s .  These  a r e  i d e n t i f i e d  
w i t h  a s e r i e s  300 number i n  Columns 77, 78, and 79. 

1.18 Da ta  P r o c e s s i n g  

1.18.1 G e n e r a a  

Due t o  t h e  l a r g e  volume of  d a t a  g e n e r a t e d  by t h e  m u l t i -  
p a r a m e t e r  measurements  of t h e  s p e c i f i e d  c r imped c o n t a c t  assem- 
b l i e s ,  e l e c t r o n i c  d z t a  p r o c e s s i n g  a s s i s t a n c e  was a n  i n t e g r a l  
p a r t  of t h e  program e f f o r t .  
t l y  f rom a n a l o g u e  o u t p u t s  v i a  A t o  D c o n v e r t e r s  o r  d i g i t i z e r s  t o  
c a r d s ,  punched t a p e  o r  magne t i c  t a p e ,  t h i s  was n o t  r e s o r t e d  t o  
b e c a u s e  o f  t ime and t h e  d e s i r e  t o  have  a n  o r i g i n a l  d a t a  r e c o r d ,  
Such a d i r e c t  p r o c e s s  would be ve ry  h e l p f u l  i f ,  f o r  example ,  
t h e  d a i l y  d a t a  coillcl be prnceqqed  nvern i -gh t  and  be a v a i l a b l e  a s  
l l r u s h e s l t  t h e  n e x t  morning f o r  r e v i e w ,  E r r o r s  and t r e n d s  c o u l d  
be  i d e n t i f i e d  and a p p r o p r i a t e  a c t i o n  t a k e n .  

Although i t  i s  p o s s i b l e  t o  go d i r e c -  

1.18.2 O r i s i n a l  Data  

The d a t a  a s  o b s e r v e d  o r  measured were r e c o r d e d  o r  re- 
t a i n e d  i n  i t s  o r i g i n a l  form o r  f o r m a t ,  The t e n s i l e  d a t a  a s  r e -  
c o r d e d  by a pen r e c o r d e r  o n  c h a r t s  were r e t a i n e d  w i t h  t h e  p u l l e d  
spec imens  s e g r e g a t e d  i n  g r o u p s  c o r r e s p o n d i n g  t o  t h e  n o m e n c l a t u r e  
g i v e n  i n  a p p e n d i x  B. The t e n s i l e  s t a t i s t i c s  were e i t h e r  t r a n s -  
f e r r e d  d i r e c t l y  t o  c a r d s ,  a s  i n  t h e  c a s e  o f  t h e  30 p e r c e n t  
t e n s i l e  o n l y  spec imens ,  o r  t r a n s f e r r e d  t o  t h e  d a t a  l o g  books.  
The o t h e r  measurements  o f  i n d e n t  d e p t h ,  v o l t a g e  d r o p ,  a x i a l  
b e n d i n g ,  and d e f o r m a t i o n  were r e c o r d e d  i n  t h e  d a t a  l o g  books  
and t h e n  t r a n s f e r r e d  manua l ly  t o  c a r d s .  

1.18.3 Da ta  C o r r  e c t i o q  

The p r o c e s s e s  o f  e n t e r i n g  d a t a  i n  t h e  d a t a  l o g s ,  t h e  
punch ing  o f  t h e  d a t a  c a r d s ,  t h e  v e r i f i c a t i o n  o f  t h e  d a t a  c a r d s ,  
and t h e  s c a n n i n g  of  a p r i n t o u t  l i s t i n g  o f  t h e  c a r d s  p r o v i d e  
o p p o r t u n i t i e s  t o  l o c a t e  and c o r r e c t  o r  a d j u s t  g r o s s  e r r o r s  and 
o m i s s i o n s  i n  t h e  g a t h e r e d  d a t a .  

The p r o c e s s e d  d a t a ,  w i t h  t h e i r  l i s t i n g  of minimum, maximum, 
mean, and  s t a n d a r d  d e v i a t i o n  v a l u e s  f o r  e a c h  g r o u p ,  p r o v i d e  t h e  
second  o p p o r t u n i t y  t o  review f o r  d a t a  v a r i a t i o n s  and e r r o r s .  
T h i s  i s  t h e  most  l o g i c a l  p o i n t  t o  o b s e r v e  and d e t e r m i n e  b i a s  
d u e  t o  measurement  e r r o r s  e i t h e r  i n s t r u m e n t  o r  o p e r a t o r .  
j u s t m e n t s  c a n  b e  made and t h e  p r o c e s s  r e p e a t e d  u n t i l  t h e  
e r r o r  i s  c o n s i d e r e d  t o  be  w i t h i n  a c c e p t a b l e  limits. 

Ad- 
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2. STATISTICAL SIGNIFICANCE, SINGLE VS. DOUBLE INDENT 

The t e s t  d a t a  p r o v i d e d ,  f o r  each  c o n n e c t o r  t y p e ,  
number p a i r e d  s e t s  of a v e r a g e  t e n s i l e  t e s t  v a l u e s  and t h e i r  
s t a n d a r d  d e v i a t i o n s ,  Each of  t h e  s e t s  of  32 t e n s i l e  t e s t s  
was o b t a i n e d  f rom a d i f f e r e n t  combina t ion  of  c o n t a c t  s i z e ,  
w i r e  s i z e ,  and i n d e n t o r  s p a c i n g .  The s i g n i f i c a n c e  o f  t h e  
d i f f e r e n c e s  be tween p a i r s  was e v a l u a t e d  f o r  each  c o n n e c t o r  
t y p e  by use of  t h e  Wilcoxon Signed-Ranks Test.* 

2 . 1  Tens i l e  S t r e n a t h  Value 

2 .1 .1  Test I H v ~ o  t h e s i s  

The t e s t  was f i r s t  used t o  d e t e r m i n e  w h e t h e r ,  o t h e r  
c o n d i t i o n s  be ing  comparable ,  t h e  d o u b l e  i n d e n t  gave  g r e a t e r  
t e n s i l e  s t r e n g t h  t h a n  t h e  s i n g l e  i n d e n t  t o  such  a n  e x t e n t  t h a t  
t h e  d i f f e r e n c e  cou ld  n o t  be a s c r i b e d  t o  chance .  

2 .1 .2  S i a n i f  i c a n c e  of  S t r e n s t h  D i f f e r e n c e  

The d a t a  f o r  t h e  t e s t  o f  s i g n i f i c a n c e  a r e  g i v e n  i n  
t a b l e  2. 
o f  p a i r s  o f  v a l u e s ,  and t h e  v a l u e  o f a  , t h e  l e v e l  o f  s i g n i f i c a n c e  
o r  p r o b a b i l i t y  t h a t  t h e  r e s u l t s  would be o b t a i n e d  by chance  a l o n e ,  

A v a l u e  of  0 .025  f o r  t h e  l e v e l  of s i g n i f i c a n c e  was a c c e p t e d  a s  
e v i d e n c e  a g a i n s t  t h e  chance  h y p o t h e s i s  and f o r  t h e  t e s t  hypo- 
t h e s i s ,  Thus t h e  r e s u l t s  may b e  t a k e n  t o  show t h a t  t h e  d o u b l e  
i n d e n t  g i v e s  s i g n i f i c a n t l y  h i g h e r  t e n s i l e  s t r e n g t h  i n  g e n e r a l  
t h a n  t h e  s i n g l e  i n d e n t ,  a t  l e a s t  f o r  a l l  c o n n e c t o r  t y p e s  e x c e p t  
t h e  Bendix CESO. 

The t a b l e  g i v e s  a l s o  t h e  t e s t  s t a t i s t i c  T ,  t h e  number 

The o r i g i n a l  s e t  of  samples  made w i t h  t h e  Bendix CESO c o n n e c t o r  
d i d  n o t  i n c l u d e  t h e  c o m b i n a t i o n  o f  a s i z e - 1 6  c o n t a c t  and a s i z e -  
20 wire. 
t e n s i l e  s t r e n g t h  from 16 t o  12. When t h i s  gap  i n  t h e  t a b l e  was 
d i s c o v e r e d  t o  be  mere ly  a t y p o g r a p h i c a l  e r r o r  i n  p r e p a r a t i o n  of 
t h e  c o n t r a c t ,  t h e  "mis s ing"  samples  were p r e p a r e d  and measured. 
I n c l u s i o n  of t h e s e  samples  d i d  not  a l t e r  t h e  f i n d i n g s  w i t h  res- 
p e c t  t o  t h e  Bendix CESO c o n n e c t o r ,  With t h e  added d a t a ,  t h e  
mean v a l u e s  of  t e n s i l e  s t r e n g t h  f o r  s i n g l e  and d o u b l e  i n d e n t  
were 32.8 and 33.2 pounds r e s p e c t i v e l y .  

I 
T h i s  r educed  t h e  number of  p a i r e d  o b s e r v a t i o n s  o f  i 

I 
I 

* !A. G. N a t r e l l a ,  t t E x p e r i m e n t a l  S t a t i s t i c s "  N a t i o n a l  Bureau of  
S t a n d a r d s  Handbook 91, pp. 16-5, 16-9, T-79 \qJashington,  D .C . ,  
U , S .  Government  P r i n t i n g  O f f i c e ,  1963 R e p r i n t e d  f rom Army 
M a t e r i e l  Command E n g i n e e r i n g  Des ign  Handbook, Ordnance  

I 
I Pamphle t  20-113 and 20-114. 
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TABLE 2 
COMPARISON OF AVERAGE TENSILE STRENGTHS 

5 

0 

0 

8 

1 CONNECTOR 

NAS 1663 

MS 3192 

MS 3193 

BENDIX CEPl 

BENDIX CESO 

16 

16 

16 

16 

INDENT 

SINGLE 

32.4 Ib 

29.8 

33.7 

32.3 

33.3 

34.9 

] DOUBLE 

38.6 I b  

38.2 

40.0 

38.0 

35.5 

34.8 

% CHANGE 

19.1 

28.2 

18.7 

17.6 

6.6 

-0.3 

WILCOXON TEST I 

0.005* 

0.005* 

0.005" 

0.005" 

0.025* 

0.025 

*AN ASTERISK INDICATES THAT THE RESEARCH HYPOTHESIS WAS ACCEPTED. 

t 
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2 .2  Tens i le  S t r e n s t h  U n i f o r m i t x  

v a l u e s  of  t h e  c o e f f i c i e n t  of  v a r i a b i l i t y  ( i , e . ,  t h e  s t a n d a r d  
d e v i a t i o n  d i v i d e d  by t h e  mean v a l u e ) .  

The Wilcoxon t e s t  was a l s o  a p p l i e d  t o  t h e  s e t s  of p a i r e d  

2 .2 .1  T e s t  HVDO t h e s i s  

The compar ison  was made t o  t e s t  t h e  h y p o t h e s i s  t h a t  
o t h e r w i s e  e q u i v a l e n t  cr imped c o n n e c t i o n s  have a lower v a r i a -  
b i l i t y  i n  t e n s i l e  s t r e n g t h  w i t h  d o u b l e  i n d e n t  t h a n  w i t h  s i n g l e  
i n d e n t .  

2 .2 .2  S i a n i f i c a n c e  o f  D i f f e r e n c e s  

w i t h  t h e  p r e c e d i n g  t e s t  f o r  s t r e n g t h  v a l u e s ,  t h e  t e s t  h y p o t h e s i s  
was a c c e p t e d  a t  a l e v e l  of  s i g n i f i c a n c e  of 0 .025 o r  l e s s  f o r  a l l  
c o n n e c t o r  t y p e s  e x c e p t  t h e  Bendix CESO. 

The d a t a  f o r  t h i s  compar ison  a r e  g i v e n  i n  t a b l e  3. A s  

Hate: A f u l l  d e l i n e a t i o n  of  t h e  S t a t i s t i c a l  A n a l y s i s  
performed i s  g i v e n  i n  append ix  E .  
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TABLE 3 
COMPARISON OF RELATIVE VARIABILITY IN TENSILE STRENGTHS 

CONNECTOR 

INDENT WILCOXON TEST 

SINGLE DOUBLE %CHANGE T N a 

NAS 1642 

NAS 1663 

MS 3192 

MS 3193 

BENDIX CEPl 

BENDIX CESO 

CONNECTOR 

INDENT WILCOXON TEST 

SINGLE DOUBLE %CHANGE T N a 

NAS 1642 

NAS 1663 

MS 3192 

MS 3193 

BENDIX CEPl 

BENDIX CESO 

-65.3 

-63.9 

-27.5 

-45.6 

-20.7 

-3.91 

6 l A %  7 13% -65 7 0 16 0 0OS* 

6.51 2.35 -63.9 0 16 0.005* 

4.07 2.95 -27.5 26.5 16 0.025* 

5.72 3.1 1 -45.6 9 16 0.005* 

4.44 3.52 -20.7 29 16 0.025* 

5.62 5.40 -3.91 33 12 0.025 

0 

0 

26.5 

9 

29 

33 

6 l A %  

6.51 

4.07 

5.72 

4.44 

5.62 

*AN ASTERISK INDICATES THAT THE RESEARCH HYPOTHESIS WAS ACCEPTED. 

I 7 13% 

2.35 

2.95 

3.1 1 

3.52 

5.40 
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3. INVESTIGATION OF VARIABILITIES OF TENSILE STliENGTH 

3.1 Genera), 

The d a t a  f rom t h e  i n i t i a l  30 p e r c e n t  t e n s i l e  o n l y  
g r o u p s  were p r o c e s s e d  and. a r e  summarized i n  t a b l e  4. I n c l u d e d  
i n  t h i s  p r e s e n t a t i o n  i s  summary i n f o r m a t i o n  f rom s u p p l e m e n t a r y  
g r o u p s  f rom which d a t a  were o b t a i n e d  d u r i n g  t h e  c o u r s e  o f  t h i s  
i n v e s t i g a t i o n .  

Two p o i n t s  a r e  r e c o r d e d  f o r  e a c h  g roup :  (1) t h e  mean t e n s i l e  
s t r e n g t h  and ( 2 )  s t a n d a r d  d e v i a t i o n .  The d a t a  i n d i c a t e  
g e n e r a l l y  g r e a t e r  and more uniform t e n s i l e  s t r e n g t h  f o r  t h e  
d o u b l e  i n d e n t  c o n f i g u r a t i o n .  T h i s  c o n c l u s i o n  i s  based  upon 
t h e  compar i son  o f  p a i r e d  g r o u p s  w i t h  t h e  same i n d e n t o r  s p a c i n g ,  
e .g .  Y 1662-20-SO34-22 vs .  1662-20-D034-22. The d o u b l e  i n d e n t  
c o n f i g u r a t i o n  g r o u p  h a s  a lower s t a n d a r d  d e v i a t i o n  i n  74 o u t  o f  
96 compar i sons  and h i g h e r  t e n s i l e  s t r e n g t h  i n  80 o u t  o f  96 corn- 
pa r  i s o n s .  

The maximum mean v a l u e  of  t e n s i l e  s t r e n g t h  f o r  any o f  t h e  
s p e c i f i e d  wire and c o n t a c t  combinat . ions was e b t a i n e d  With t h e  
d o u b l e  i n d e n t  c o n f i g u r a t i o n .  The s i n g l e  i n d e n t  c o n f i g u r a t i o n  
e x h i b i t e d  less s p r e a d  i n  t e n s i l e  s t r e n g t h  a s  a f u n c t i o n  o f  
i n d e n t o r  s p a c i n g  t h a n  d i d  t h e  d o u b l e  i n d e n t  c o n f i g u r a t i o n .  

The d a t a  a l s o  i n d i c a t e d  a n o m a l i e s  o r  v a r i a t i o n s  which d i d  n o t  
a p p e a r  t o  b e  f u n c t i o n s  of i n d e n t o r  s p a c i n g ,  T h i s  i s  c o n s i d e r e d  
a s  o n l y  a n  i n d i c a t i o n  due  t o  t h e  l i m i t e d  sample p o p u l a t i o n  of 
o n l y  f o u r  d i f f e r e n t  i n d e n t o r  s p a c i n g s .  T h i s  was f u r t h e r  i n -  
v e s t i g a t e d  by t h e  f a b r i c a t i o n  and t e n s i l e  t e s t i n g  of  s e v e r a l  
h y b r i d  g r o u p s .  
some c r e d i b i l i t y  t o  t h e  s u g g e s t i o n  t h a t  t e n s i l e  s t r e n g t h  v a r i e s  
s i g n i f i c a n t l y  a s  a f u n c t i o n  of  w i r e  s o u r c e .  

The r a n g e  o f  t e n s i l e  s t r e n g t h  mean v a l u e s  f o r  t h e  d o u b l e  i n d e n t  
c o n f i g u r a t i o n s  a r e  g r e a t e r  t h a n  the  c o r r e s p o n d i n g  s i n g l e  i n d e n t  
g r o u p s .  T h i s  was so pronounced i n  t h e  CE-16 g r o u p s  t h a t  a n  i n -  
v e s t i g a t i o n  was made i n t o  t h e  p o s s i b i l i t y  of f r a c t u r e d  wires. 
T h i s  was n o t  conf i rmed .  A r e v i e w  of t h e  s p e c i f i c a t i o n s  f o r  t h e  
NAS, MS, and CE c o n t a c t s  i n d i c a t e s  a s i n g l e  d i m e n s i o n a l  d i f -  
f e r e n c e  f o r  t h e  crimp b a r r e l  of 0.003 i n c h  less  i n s i d e  d i a m e t e r  
f o r  t h e  CE c o n t a c t s ,  T h i s  d i f f e r e n c e  r e s u l t s  i n  a g r e a t e r  r e -  
d u c t i o n  of wire cross  s e c t i o n  a t  t h e  lower  d o u b l e  i n d e n t  spac-  
i n g s .  
n e c k i n g  and  poss ib l e  work h a r d e n i n g .  

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  d i d  g i v e  

T h i s  r e d u c e s  the  t e n s i l e  s t r e n g t h  of  t h e  wire d u e  t o  
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I 
I 

I 
i 
I 
I 

1 

I 
I 
I 
I 
I 
1 
I 

I 
i 

58 57* 

65.67 

60.96 

65.21 

65.28 

4.71 

TABLE 4 

+ 18.49 

+ 15.41 
+ 19 36 

+ 13 96 

MEAN TENSILE STRENGTH AND STANMD DEVIATION, 
FOR TYPE NAS 1662 CRlMPED CONTACTS AS A 

FUNCTION OF INDEXTQR SETTING AND CONFIGURATION 
Pomm 

3.42 
3.43 
2.05 
2.70 

21.97 
19 9 35 
19.18 
18 37 
3.60 

2.24 
1.75 + 
1.62 + 
1.24 + 
1.21 + 

1662-16( )dco-16 
( 1043 
( 1046 
( 1050 
( 1054 

Spread 

28 97 

28.53 
~ 26.62 

29.02 

1 2.40 

31.10 
34.89 
36.18 
34.u 
5.08 

46.72 
46.31 
49.87 
47.00 
3.56 

4.59 
1.35 
0.60 
0.20 

I * Not included in computation of spread. 
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r 
I 
i 

I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

1.74 
1.34 
3.05 
1.58 

3.27 
3.23 
2.58 
4.06 

TABLE 4 (Continued) 

0.67 + 
0.89 + 
0.88 + 
0.85 + 

1.41 + 
1.43 + 
2.13 + 
2.14 + 

MEAN TENSILE STRENGTH AND SlllANllARD DEVIATION, 
FOR TYPE NAS 1663 CRIMPED C 0 N " S  AS A 

FUNCTION OF INDENTOR SETTING AND CONFIGURATION 

PolJNDs 

1663-20( 1032-22 
( 1034 
( 1037 
( 1040 
( 1043 

Spread 

19.84 

19.41 
19 45 

16.73 
3.11 

22 66" 

21.25 
18.48 
4.65 

23 13 
21 99 

29.10 
27 77 
23 33 
21.07 
8.03 

31.26 
31 74 

29.96 
1.78 

31 01 

30 98* 
34 43 
32.65 
30 59 
29.14 
5.29 

34 99 
36 32 
36.59 
34 78 
1.81 

46.13 

41.80 
43.28 
45.79 

4.33 

63 .09 
66.81 
66.08 
60 . 98 
5.83 

I I * Not included in canputation of spread. 

3.73 
4.58 
5.58 
4.82 

16 . 96 
21.02 
24 . 28 
17.70 



I 

I 

i 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

20.74 
20.27 

2.82 

19.71 
17.92 

TABU 4 (Continued) 

23.82 
24.67 

3.84 

25.16 
21.32 

MEAN TENSILF: STRENGTH AND S m D  DEVIATION, 
FOR TYPE MS 3192 CRlMPED CONTACTS AS A 

IUNCTION OF INDENTOR SETTING AND CONFIGURATION 

POUNDS 

31.22 
30.31 
30.98 
29.84 
1.38 

K 
s 
E-c 

4 

c 
0 
U 

35.66 
36.09 
33.45 
33.94 
2.64 

0 
Cd a 

La 

-P c a) a c 
H 

29.09 
32.27 
31.13 
31.20 

3.18 

56.44 
56.94 
55.02 
46.69 
10.25 

I 

32.41 
33.80 
36.87 
36.80 
34 . 2On 
4.46 

66.30 
67.00 
66.70 
65.70 
1.30 

I 

6 Not included i n  computation of  sprec 

b 

? 

Q 

3.08 
4.40 
5.45 
3.40 

I 3  

4.44 
5 a 7 8  
2.47 
4.10 

3-32 
1.53 
5.74 
5.60 

9.86 
10.06 
11.68 
19.01 

1.96 
2 0 8 4  
2.57 
2.11 

- 

0.29 
1.18 
0.47 
1.65 

0.87 

0.89 

1.71 
1.45 

0.46 
0.55 
1-13 
0.59 
1.80 

2.60 
1.76 
1.41 
0.68 
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I 
I 
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I I 

I 
I 
I 
I 

I 

88 

$8  
nco 

A V  

Q m  

TABLE 4 ( C o n t i n u e d )  

G 
Ef 

MEAN TENSILE STRENGTH AND STANIlARD DEVIATION, 
FUR TYPE MS 3193 CRIMPED CONTACTS AS A 

FUNCTION OF INDENTOR SETTING AND CONFIGURATION 

POUNDS 

+ - 

+ 
t 
+ 
t 

- 
t 
+ 
t 

+ 
+ 
+ 
+ 

i! 
E-c 

cd 
4 c 
0 
0 

0.82 
1.38 

3 e 8 8  
8.33 
7.19 
6.41 

2.32 
0.51 
3.76 
5.73 

9 085 
13.25 
17.14 
13.97 

a, 
N 

A 
4 
0 

2i 0 
0 

29.12 
25 96 
25.21 
24.00 

5 -12  

29.66 
29.05 
28.25 
26.65 

3.01 

50.48 
51.33 
52 13 
49 099 
2.14 

33.00 
34 29 
32.40 
30.41 
3.88 

27 34 
29 56 
32.01 
32 38 
32.84.~ 

5.04 

60 33 
64.58 
69.27 
63 96 
8.94 

1.20 
2.23 
1.35 
2.58 

2.20 
2.32 
1.68 
1.69 

- 
0.52 
1.02 
0.46 
0.68 

- 
1.82 
2.95 
2.54 
3.20 

- 

$ .!i jz 
g . p :  
a , $  

2 c h  
0.56 
0.45 
0.62 
0.64 
1.56 

1.00 
1.02 
0.92 
1.70 

1.30 
0.53 
0.42 
0.70 
2.39 

2.09 
1.98 
1.87 
1.47 

* N o t  included in computation of  spread. 



TABLE 4 (Continued) 

MEAN TENSILE STRENGTH AND S'TANIMRD DEVIATION, FOR BENDIX 
TYPE CE (PIN) CRIMPED CONTACTS AS A FUNCTION OF 

INDENTUR SETTING AND CONFIGURATION 

POUNDS 

CEPI-20( )034-22 
1037 

( )Oh0 
( 1043 
( 1046 

spread 

23.20 
23.84 
23.82 
23 9 32 

0.64 

23.29 
26.28 
27 30 
26 39 

4.01 

0 ~ 1 4  

2.25 

1.05 
2.15 

1.77 
0.20 
3.89 
6.07 

23 -06 
24.89 
25.97 
25 9 57 
19 O P  
2.91 

0.85 0,452 
0.84 0.49 
0.68 0.58 
1.21 0.78 

0.57 

1.99 0.94 
1.64 0.85 
1.07 0.83 
0.67 0.97 

1.68 

25.06 
26.48 
31 19 
32.46 
32.67* 
7.40 

1 3.52 
1.64 
5.59 
7.61 

I 

1 

4.56 

5.52 
11.01 

1.19 

- 
t 
t 
+ 

1.92 1.06 
0.69 2.10 
0.75 0.79 
0.49 0.99 

1.33 

4.35 2.71 

3.01 2.07 
1.48 1.38 

2.44 3.11 

- 
t 
t 
+ 
t 

24.62 
27.65 
27.48 
27.11 

1 3.03 
I 

21.10 
26.01 
33 07 
34 72 
31.67* 

~ 13.62 

I 1 I 

*Not included in computation of spread. 

51.76 
57 51 
63 6 58 
66.29 
64.66* 
14.53 

- - 
+ 
+ 

- - 
t 
t 

i I  
I 1 



I i 

I 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

MEAN TENSILE STRENGTH AND STANDARD DEVIATION, FOR BEM>IX 

INDENTOR SETTING AND CONFIGURATION 

POUNDG 

TYPE CE (SOCKET) CRIMPED CON?IACTS AS A nrrJCTIUN OF 

CESO-20( )034-22 23.63 
( 1037 21.03 
( 1040 21.05 
( 1043 19.65 

spread 3.98 

21.78 
23 53 
23.89 
22 . 10 

2.11 

CESO-201 ]$JJ-20 27.80 26-85 
30.31 26.79 

( 1043 29-50 31-33 

Spread 2.51 5.00 

C E S O - ~ ~ (  )037-20 25.61 22.42 
( 1040 26.03 27.46 

( 1046 26.65 33.74 

( 1046 28.05 31.79 

( 1043 29.03 27.15 
~ 

( 1050 1 30*57* 
Spread 1.54 11.32 

55 *64 
53 36 
9.77 
54.53 

2 -28 

41 -85 
48 . 63 
53-88 
65.68 
62 9Y 
23 83 

I I 

* N o t  included in  computation of spread. 

- 

. 
v) 

.% 
. 

Q 

1.95 
2.50 

- 

2.84 
2.45 

- 
0.95 
3- 52 
1.83 
3.74 

3-19 
1.43 
1.88 
7.09 

13 79 
4.73 
0.89 

11.15 

- 

E 
4 0  ;; 
d *$ 

Q) 
Q Q  
rl 

C l l w  

9 2  
4 3 

1.17 
2.19 
1.13 
1.61 

2.67 
1.63 

1.17 

1.03 
0.99 
0.91 
1.26 

- 

- 
0.87 

- 

- 
2.39 
3.47 
1.82 
1.26 

2-98 
1.79 
1- ss 
0.57 

2.71 
2.39 
1.71 
0.47 
0.89 

2.56 
3.28 
4-99 
0.88 
1.79 



3.2 - Wire 

The n i c k e l - p l a t e d  T e f l o n  i n s u l a t e d  wire used t o  p r e p a r e  
t h e  s p e c i f i e d  sample spec imens  was o b t a i n e d  from s e v e r a l  s o u r c e s .  
No a t t e m p t  was made t o  d e n o t e  which s o u r c e  was used t o  f a b r i c a t e  
any o f  t h e  spec imens .  I n  a d d i t i o n ,  t h e  s u p p l i e d  r e e l s  were n o t  
c o n t i n u o u s  l e n g t h s  of wire. 

The f a b r i c a t i o n  p r o c e s s  c a l l e d  f o r  t h e  s tamping  o f  6 0 - f o o t  
l e n g t h s  of  wire,  T h i s  s h o r t  l e n g t h  d o e s  g i v e  c r e d i t  t o  t h e  
h y p o t h e s i s  t h a t  e a c h  spec imen i n  a s p e c i f i e d  g r o u p  was f a b r i -  
c a t e d  f rom i d e n t i c a l  wire. The p r o b a b i l i t y  of  i d e n t i c a l  wire 
b e i n g  used ,  g r o u p  t o  g r o u p ,  c a n n o t  be e a s i l y  e s t i m a t e d  due  t o  
random l e n g t h s  o f  s u p p l i e d  wire and t h e  knowledge t h a t  g r e a t e r  
t h a n  60 f e e t  of w i r e  was s tamped f o r  s e v e r a l  g r o u p s .  A l s o ,  t h e  
o p e r a t o r s  were a l lowed  t o  e x e r c i s e  i n d e p e n d e n t  judgement  i n  t h e  
s e l e c t i o n  of  numbers t o  s tamp from t h e  p r e p a r e d  l i s t .  
-.I, i n e  t e n s i l e  s t r e n g t h  05 t n e  s t r a n d e d  wire i s  t h e  u i t i m a t e  
t e n s i l e  s t r e n g t h  t h a t  c a n  be expec ted  f o r  t h e  c r imped c o n t a c t  
wire  c o m b i n a t i o n .  C o n s i d e r a t i o n s  which d e t e r m i n e  t h e  t e n s i l e  
s t r e n g t h  o f  t h e  c r imped c o n t a c t  and wire c o m b i n a t i o n  a t  l e s s  
t h a n  u l t i m a t e  t e n s i l e  s t r e n g t h  a r e  1) t h e  a d h e s i o n  of t h e  p l a t -  
i n g  t o  t h e  coppe r  2 )  t h e  f r i c t i o n  p r e s e n t  be tween t h e  c r imped 
c o n t a c t  b a r r e l  and t h e  wire and 3)  t h e  amount o f  e f f e c t i v e  wire 
d i a m e t e r  r e d u c t i o n .  I n  t h e  c a s e  of  s i l v e r - p l a t e d  wire and go ld -  
p l a t e d  c o n t a c t s ,  t h e  c r imping  a c t i o n s  g e n e r a t e s  a m e t a l l i c  com- 
p r e s s i o n  bonding o f  t h e  n o b l e  metals. T h i s  t e n d s  t o  e l i m i n a t e  
s u r f a c e  s l i p p a g e .  I n  t h e  c a s e  o f  n i c k e l  and g o l d ,  m e t a l l i c  bond- 
i n g  d o e s  n o t  t a k e  p l a c e  and f r i c t i o n  becomes a n  i m p o r t a n t  con- 
s i d e r a t i o n .  S i n c e  n i c k e l  p l a t i n g  c a n  be accompl i shed  by more 
t h a n  o n e  p r o c e s s  ( s u l p h a m a t e ,  p e r b o r a t e ,  e t c .  ) and t h e  c h a r a c -  
t e r i s t i c s  of  t h e  p l a t i n g  c a n  v a r y  a s  a f u n c t i o n  o f  t h e  c u r r e n t  
d e n s i t y  and  t h e  p l a t i n g  b a t h ' s  c o n d i t i o n  ( d e p l e t i o n ,  tempera-  
t u r e ,  and p H ) ,  a n o t h e r  v a r i a b l e  i s  i n t r o d u c e d .  

No e x p e r i m e n t a l  d e t e r m i n a t i o n s  were made of p o s s i b l e  v a r i a t i o n s  
i n  t h e  f r i c t i o n a l  c h a r a c t e r i s t i c s  of  t h e  d i f f e r e n t  n i c k e l - p l a t e d  
wires and g o l d - p l a t e d  c o n t a c t s  used i n  t h i s  s t u d y .  

With l a b e l e d  and c u t  wire l e n g t h s  r e m a i n i n g  a f t e r  t h e  f a b r i -  
c a t i o n  of t h e  s p e c i f i e d  spec imen g r o u p s ,  it was p o s s i b l e  t o  
e x p e r i m e n t a l l y  d e t e r m i n e  t h e  t e n s i l e  c h a r a c t e r i s t i c s  o f  t h e  wire 
used i n  t h i s  s t u d y .  The samples  were s e l e c t e d  so a s  t o  r e p r e s e n t  
a s  many of t h e  184 stamped g r o u p s  a s  p o s s i b l e .  The r e s u l t s  of  
t h i s  i n v e s t i g a t i o n  a r e  t a b u l a t e d  here: 
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32.43 33.70 34.97 36.25 

TENSILE - POUNDS 

AWG-20 

38.80 40.07 

STAMPED FORTHE PREPARATION 
OF 16-20 CRIMPED SPECIMEN 
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Y) 

31.88 33.20 34.52 35.85 
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AWG-20 

38.50 39.82 

STAMPED FORTHE PREPARATION 
OF 20-20 CRIMPED SPECIMEN 

Figure 4. Frequency Distribution of Tensile Strength of Nickel Plated Copper Wire 
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I Wire S i z e  AWG - 2 2 AVJG - 2 0 AWG - 2 0 A'A'G - 16 
C o n t a c t  S i z e  20 20 16 16 

23.00 33.20 33.70 60.60 pounds 

27.00 38.50 38.80 74.30 pounds 

ME AN 24.47 36.39 36.53 70.23 pounds I 
STD. DEV. 0.86 1.48 1.53 2.45 pounds 

f 
I 
t 
I 
I 
I 
I 
E 
I 
I 
I 
t 
I 

2 
VARIANCE 0.75 2.20 2.35 6.00 ( p o u n d s )  

MEDIAN 

PERCENT VAR. 

24.30 

3.51 

36.70 

4.07 

37.10 70.00 pounds 

4.18 3.49% 

The d a t a  f rom t h e  f o u r  a r o u p s  of  s a m p l e  spec imens  were suhjec t .~sd  
t o  a check  f o r  homogenei ty  o f  v a r i a n c e ,  B a r t l e t t ' s  t e s t ,  and t h e  
r e s u l t s  were t h a t  t h e y  were n o t  homogeneous. 

The modal  c h a r a c t e r i s t i c s  c a n  be o b s e r v e d  i n  t h e  p e r c e n t  f r e -  
quency p l o t s  o f  f i g u r e  4. The s i z e - 2 2  w i r e - s i n g l e  mode, 20  
wire- bimoda 1, and t h e  s i ze -16  wire-  s l i g h t  l y  bimodal .  

3.3 C o n t a c t s  

The 12 d i f f e r e n t  c o n t a c t  t y p e s  c a l l e d  o u t  i n  t h e  s t a t e -  
ment of work were p rocured  from t h r e e  approved  m a n u f a c t u r e r s  
c o r r e s p o n d i n g  t o  each  s p e c i f i c a t i o n  g r o u p i n g ,  i . e . ,  NAS, hlS, 
and Ce.  T h i s  p r o c e d u r e  e l i m i n a t e d  v a r i a b i l i t i e s  which have  
been  r e p o r t e d  i n  t h e  i n d u s t r y  when j o b b e r  s t o c k s  a r e  u s e d  and 
when more t h a n  one  s o u r c e  i s  u s e d .  The o n l y  v a r i a b i l i t y  c o u l d  
be t h o s e  p o s s i b l e  w i t h i n  t h e  p r o c e s s  and q u a l i t y  c o n t r o l s  of 
t h e  s e l e c t e d  s u p p l i e r .  

3.4 Measurement 

The u l t i m a t e  t e n s i l e  s t r e n g t h  f o r  t h e  c r imped c o n t a c t  
s p e c i m e n s  and wire was t a k e n  o n  an I n s t r o n  t e n s i l e  t e s t e r .  
P n e u m a t i c  g r i p s  were u t i l i z e d .  The T e f l o n  i n s u l a t i o n  a c t e d  a s  
a b u f f e r  m a t e r i a l  be tween t h e  f l a t  f a c e d  g r i p s  and t h e  s t r a n d e d  
wire. The t e c h n i q u e  was c o n s i d e r e d  a c c e p t a b l e  b e c a u s e  t h e  
e v i d e n c e  of wire b r e a k a g e  a t  t h e  g r i p s  was n o t  e x c e s s i v e  and d i d  
n o t  a p p e a r  t o  d r a s t i c a l l y  modi fy  t h e  s p r e a d  o f  v a l u e s .  
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TABLE 5 

MECHANISM OF TENSILE FAILURE 
FOR NAS TYPE 1662 CRlMPED CONTACTS AS A 

FUNCTION OF INDENTOR SETTING AND CONFIGURATION 

POUNDS 

- 
c 

4 0  
d .A a 4  
a d  

Q) 
d *$ 

8; 
$ $  

0.98 
0.59 
0.94 
0.89 

a,a 
r i  

- 
2.10 
1.81 

1.79 
2.20 

3.33 

1.49 
2.15 

- 

1.96 - 
3.42 
3.43 

2.85 
2.78 - 

- 
c 

4 0  c *A 
8 %  
d -$ 

l a  

0.83 
0.33 
0.38 
0.61 
0.61 

1.27 

0.78 

0.76 
0.68 

p3 
P 

0 4  
c1 UJ - 

- 
0.40 

@ 

3 3  c 

3 s  0 .!&2 

H Z  
e, 

G a  - 
23.50 
24. SO 
23.68 
19 27 
16.56 

-662-20( 

( 
( 

t !Ok Broke a t  Grip 
,5$ Broke at Grip 

.662-20( ) 0 34- 20 
( 1037 
( )040 

32 69 
36.12 
35.73 

30 97 
30.08 

28 97 
29.02 

28 53 
26.62 

.O$ Broke at Grip 

31.10 

34 89 
36.18 

34.44 

F 5% 
s 95% 

s 90k 
S 

F 10s 
Broke 
at Grip 
S 

35.69 

36.24 
36 78 

34.64 

0.65 

0.72 
0.49 

0.75 

F 

F 
F 65k 
s 35% 

S 

.O$ Broke at Grip 

;5k Broke at Grip 
.O$ Broke at Grip 

58 * 57 
65.21 
65-67 

65.28 
60.96 

2.24 
1.75 
1.62 

1.24 
1.21 - 

46.72 
46.31 

49.87 
47.00 

core, Contact Type 
nd Configuration 

S 15.95 
F 0.05 

s 8.15 
F 10.85 
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TABLE 5 (Continued) 

MECHANISM OF 'IENSILF: FAILURE 
FOR NAS TYPE 1663 CRTMPED CONWCTS AS A 

FUNCTION OF INDENTOR SETTING AND CONFIGURATION 

POUNDS 

1.74 
1.34 

3-05 

1.58 

3-27 
3.23 
2 .58  

b.06 

core, Contact Ty-pe 
nd Configuration 

S 34 99 
S 36 9 32 

s 36 59 

s 34 78 

s 63 09 
s 66 . 81 
s 66.08 

s 60.98 

s 16 
F O  

0.49 

0.55 
0.74 
0.64 

0.67 
0.89 

0.88 

0.85 

1.41 
1.43 
2.13 

2.14 

/F 
F 
S 
S 
S 

F 
F 35k 
s 65Q 
S 
S 
S 

F 
F 
F 20$ 

3 
5 805 

3 9.55 
F 8.45 

(30$ Failure a t  
Heat S t r i p  Line) 
20% Failed a t  
Heat S t r i p  Line 



I 
TABLE 5 (Continued) 

MECHANISM OF TENSILE FAILURE 

FUNCTION OF INDENTUR SETTING AND CONFIGURATION 

PouNns 

FOR MS TYPE 3192 CRlMPED CUNTACTS AS A 

24.67 '1.13 
25.16 0.47 

21.32 1.65 

~~ 

3192- 20 ( ) 034- 22 

F 20% ~ m k e  a t  G r i j  

s 35k 
F 65% 

s 

lcore, Contact Type 
nd Configuration 

35.66 
36.09 

33.45 
33.94 

32.41 

33.80 
36.87 
36.80 
34.20 

66.30 
67.00 
66.70 
65.70 

- 
4 
C a ,  
w r - l  
-d Ti 
C v l  
H C  

a, 
W r n  

r-l 

*rl a, 
2 2  

20.74 

20.27 
19 71 

17 92 

31.22 

- 

- 
30 31 

30 98 
29.84 - 
29.09 

32 27 
31 13 
31.20 

- 
56.44 
56.94 
55.02 
46.69 - 

0.87 F 
1.71 F 45% at Heat 

1.45 S 

Strip Line 
10% a t  Grip Line 

0.89 s 

0.46 F 

0.55 F 
1.13 F 
0.59 F 
1.80 S 

2.60 F 
1.76 F 
1.41 F 
0.68 s 

1.60 
1.45 

1.09 
1.65 

3.77 

3.79 
1.73 
2-75 

- 

- 
L.96 
2 .a 
2.57 
!e11 - 

S 
S 

S 
S 

F 15% 
s 85% 
S 
S 
S 

5 
5 
5 
3 

5 15-75 
? 0.25 

I I I 

1 I I 

23.82 10.29 I F 1 
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TABLE 5 (continued) 

1.00 
1.02 
0.92 

MECHANISM OF TENSIU FAILURE 
FUR MS TYPE 3193 CRlMPED CUNTACTS AS A 

FUNCTION OF INDENTOR SETTING AND CONEIGURATION 

WUNDS 

F 
F 
F 

( 1046 

1.30 

0.53 
0.42 
0.70 

2-39 

23.63 
23.41 
24.49 

23.12 

F 

F 
F 
F 758 
s 258 
S 

29.12 
25 96 
25.21 

24.00 

29.66 

29-05 
28.25 
26.65 

50.48 
51 33 
52 * 13 

49.99 

Score, Contact Ty-pe 
and Configuration 

- 
E: 

4 0  

a d  

a 
Q ) Q  d 

*rl e rn re 

ik$ 
I5 -$ 

2 4  
- 
1.20 

1.35 
2.23 

2.58 

2.20 
2.32 
1.68 

1.69 

0.52 

- 

- 

1.02 
0.46 
0.68 

- 
1.82 
2 -95 
2.54 

3.20 - 

F 35k 
s 65% 
S 
S 
S 

s 15.65 
F 0.35 

21.10 
26.62 
25 56 
25 31 

21.74 

33.00 
34 29 
32.40 

30.41 

27 34 

29 56 
32.01 
32 38 

32.84 

60 33 
64.58 
69 9 27 

63.96 

I 

1.70 I s + 

77% at Grip 
f%$ a t  Grip 
35s a t  Grip 

With >9O$ Strand 
Fai lure  a t  Heat 
S t r i p  Line 

S 4.90 
F 13.10 I 
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TABLE 5 (Continued) 

MECHANISM OF TENSILE FAILURE 
FUR BENDIX TYPE CE (PIN) CRIMPED CONTACTS AS 

A RJNCTION OF INDEWTOR SETTING AND CONFIGURATION 

FQUNDS 

23 29 
26.28 
27.30 

26.39 

24.62 
27.65 

27 48 

27.11 

- 

- 
c 

% .F: 
4 %  
I3 *$ 

3 
E j +  

a, 

$ 5  

0.85 
0.84 

0.68 

- 

1.21 

- 
1.99 
1.64 
1.07 

0.67 

- 
1.92 
0.69 

0.75 

0.49 

- 

F 
F 184 
B r o k e  %zip 
B r o k e  
at  Grip 
F 40$ 

B r o k e  
at  Gr ip  

105 

s 60$ 

F 
F 
F 854 
s 15k 

s 90k 
F lo$ 

F 
F 824 
S 18s 
F 50% 
s 50s 
F 2& 
s 80s 

25 .06 
26.48 

32.46 

32.67 

31.19 

21 e 10 
26.01 

33 07 

34 72 

31.67 - 

- 
c 

4 0  c ..-I 

H '9 
Q) Q ) a  d 

9 .  

m m  

3 %  

g z  
- 
0.49 
0.49 

0.58 

0.78 

0.57 

0.94 
- 
0.85 
0.83 

0.97 

1.68 

1.06 
2.10 

0-79 

0.99 

1-33 

- 

F 
F 90$ 
s 105 

s 105 
F 90$ 

F 

S 

F 
F 
F 

F 9ok 
s 10% 
S 

F 
F 

F 

F 

S 

40s Broke a t  Grip 

30s Broke a t  Grip 
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TABU 5 (Continued) 

MECHANISM OF TENSILF: FAILURE 
FUR BENDIX TYPE CE (PIN) CRIMPED CVNTACTS AS 

A FUNCTION OF INDENTOR SETTING AND CONFIGURATION 

POUNDS 

(d a m 
E+ &.j a, 

I 
Score, Contact Type 
and Configuration 

56 32 

58 9 70 

58.06 

55.28 
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I 
I 
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c 
I 
1 
I 
I 
I 

I 
I 
I 
I 

1 
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TABLE 5 ( C o n t i n u e d )  

MECHANISM O F  TENSILE FAILURE 
FUR BENDIX TYPE CE (SOCKET) CRIMPED CONTACTS AS 
A-FITNCTION O F  INDENTOR SETTING AND CONFIGURATION 

POUNDS 

e, cd 
PI 

32 
E-c E ;  e, 

23.63 
21.03 

21.05 

19 065 

27.80 
30 31 

29.50 

28.05 

~~ 

25.61 
26.03 

26.65 
27 15 

Score, Contact 'Type 
and Configuration 

- 
C - P o  

$ $  
2 .; 
H 

a) 
o r 3  
d 

*ri 4 m m  
2 4  
- 
l.l( 
2.19 

1.13 

1.61 

2.67 
1.63 

0.87 

1.17 

1.03 
9.99 
3.91 
1.26 

- 

- 

- 
3- 39 
3.47 

1.82 

1.26 

- 

k' 
F 50% 
s 50% 
F 203 

s 90% 

S 80% 
F 10% 

21.78 
23.53 

23.89 

22.10 

26.85 
26 79 

31.33 

31 79 

22.42 
27.46 
29 03 
23 74 

30.57 1 

41.85 

65.68 

62 9 99 

1 9  55 
0.93 

0.54 

0.77 

2.98 
1.79 

1.58 

0.57 

- 

- 
2.71 
2.39 
1.71 
2.47 

3.89 

2.56 
3.28 

+*99 

1.88 

1.79 

- 

- 

F 
F 

F 703 
s 30% 
S 

F 
F 

F 

F 60% 
S 40% 
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Liechanism o f  T e n s i l e  F a i l u r e  
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I 
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I 
I 
I 

The two b a s i c  mechanisms of  c o n t a c t  t e n s i l e  f a i l u r e  a r e  
(1) f r a c t u r e  of  t h e  wire and ( 2 )  s l i p ? a q e  o f  t h e  w i r e  i n  t h e  
c r i m p  b a r r e l .  The second i s  unique  b u t  f e a c t u r e  o r  r u p t u r e  
c a n  o c c u r :  (I) a t  t h e  c r i m p  l i n e ,  {2) a l o n g  t h e  wire ,  e .9 . ,  
t h e  h e a t  s t r i p  l i n e ,  o r  ( 3 )  a t  t h e  I n s t r o n  g r i p .  The e n t i r e  
s t u d y  p o p u l a t i o n  o f  296 spec imen g r o u p s  were  e v a l u a t e d  and 
s c o r e d  a s  t o  t h e  mechanism o f  t e n s i l e  f a i l u r e ,  The t a b u l a t e d  
r e s u l t s  a r e  g i v e n  i n  t a b l e  5. 

I n  summary, 78.5 p e r c e n t  of  t h e  t e n s i l e  f a i l u r e s  f o r  t h e  s i n g l e  
i n d e n t  c o n f i g u r a t i o n  were w i r e  s l i p p a g e s ,  The d o u b l e  i n d e n t  
c o n f i g u r a t i o n  spec imens  had 43.3 p e r c e n t  s l i p n a g e  f a i l u r e s  
(56.7 p e r c e n t  f r a c t u r e ) .  

The i n s p e c t i o n  r e v e a l e d  t h e  e x t e n t  o f  wire f r a c t u r e  r e m o t e  f rom 
t h e  b a r r e l  c r i m p  l i n e .  F r a c t u r e  a t  t h e  g r i p  l i n e  was o b s e r v e d  

i n d e n t  g r o u p  and g r o u p s  r e c o r d i n g  t e n s i l e  s t r e n g t h  v a l u e s  
a p p r o a c h i n g  t h e  t e n s i l e  v a l u e  o f  t h e  s t r a n d e d  wire. It i s  s i g -  
n i f i c a n t  t o  n o t e  t h a t  t h i s  d e v i a t i n g  5 2  p o i n t  cf  f r a c t u r e  ? i d  
n o t  r e f l e c t  any abnorma l  v a r i a t i o n  i n  t h e  v a l u e  of  t e n s i l e  
s t a n d a r d  d e v i a t i o n  f o r  t h e  g roup .  

p, -cL- - 1 -  . . 1 - 7  - i n  18 d i f f e r e n t  9rolipc: w i t h  t h e  m a j o r i t y  bc i zg  L l I C  L U U U L ' 2  

A s m a l l  p e r c e n t a g e  o f  f a i l u r e s  were n o t e d  f o r  s t r a n d  r u p t u r e  
be tween t h e  g r i p s  a t  t h e  l i n e  where t h e  wire was h e a t  s t r i p p e d .  
T h i s  was p r o b a b l y  d u e  t o  a n n e a l i n g  o f  t h e  o u t e r  s t r a n d s .  

A f u r t h e r  r e v i e w  o f  t h e s e  d a t a  r e v e a l s  t h a t  t h e  p o i n t  of  maximum 
d o u b l e  i n d e n t  c o n f i g u r a t i o n  t e n s i l e  s t r e n g t h ,  a s  a f u n c t i o n  o f  
i n d e n t o r  s p a c i n g ,  o c c u r s  a t  o r  a d j a c e n t  t o  t h e  s p a c i n g  c o r r e s -  
ponding  t o  t h e  f a i l u r e  mechanism t r a n s i t i o n  f rom f r a c t u r e  t o  
s l i p p a g e .  

T h e s e  d a t a  a l s o  g i v e  s u p p o r t  t o  t h e  h y p o t h e s i s  t h a t  maximum 
t e n s i l e  s t r e n g t h  a s  a f u n c t i o n  o f  i n d e n t o r  s p a c i n g  c o r r e s p o n d s  
t o  minimum s t a n d a r d  d e v i a t i o n .  T h i s  h y p o t h e s i s  c a n n o t  be 
a c c e p t e d  when t h e  i n d e n t o r  s p a c i n g  i s  d e c r e a s e d  s u f f i c i e n t l y  
t o  reduce  t h e  c r o s s  s e c t i o n  o f  t h e  w i r e  a t  t h e  c r i m p  l i n e  and 
t h e r e b y  form a un i fo rm c ross  s e c t i o n  s u b j e c t  t o  f r a c t u r e  w i t h  
a minimum of  v a r i a b i l i t y .  F i g u r e  5 i s  a s e c t i o n  v iew o f  a 
CESO-16-D043-16 c r imped c o n t a c t  i n  which f a i l u r e  o c c u r r e d  a t  
t h e  c r i m p  l i n e .  The f a i l u r e  l i n e  i s  v e r y  s t r a i g h t .  
i n d e n t  c o n t a c t  CESO-16-S043-16 f r a c t u r e d  w i t h  a n  uneven  l i n e ,  
f i g u r e  6. 

The s i n g l e  

The maximum mean t e n s i l e  s t r e n g t h s  o f  a c r imped c o n n e c t i o n  r e -  
c o r d e d  f o 2  t h e  t h r e e  wire s i z e s  approached  o r  exceeded  t h e  
mean v a l u e  o f  t e n s i l e  s t r e n g t h  f o r  t h a t  wire s i z e  a s  g i v e n  i n  
s e c t i o n  3 . 2  T h i s  c o n d i t i o n  i s  more pronounced f o r  t h e  d o u b l e  
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Figure 5. CESO-16-D043-16 Section View of Crimped Contact After Tensile Test  

Figure 6. CESO-16-S043-16 Section View of Crimped Contact After Tensile Test 
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Figure 7. CESO-20-S046-20 Section View of Crimped Contact 

Figure 8. CESO-20-D046-20 Section View of Crimped Contact 
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Figure 9. CESO-20-D037-20 Section View of Crimped Contact i 
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Figure 10. CESO-16-D054-16 Crimped Contact, Sectioned View 

Figure 11. CESO-16-D050-16 Crimped Contact Sectioned View 
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Figure 12. CESO-16-D046-16 Crimped Contact Sectioned View 

Figure 13. CESO-16-D043-16 Crimped Contact Sectioned View 
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i n d e n t  c o n f i g u r a t i o n .  The d o u b l e  i n d e n t  c o n f i g u r a t i o n  a p p e a r s  
t o  g a i n  t h i s  improvement f rom i t s  m u l t i - p o i n t ,  more uni form com- 
p r e s s i o n  o f  t h e  wire s t r a n d s  w i t h o u t  d e g r a d i n g  d e f o r m a t i o n .  
T h i s  c a n  be s e e n  from t h e  s e c t i o n e d  v i ews  o f  c o r r e s p o n d i n g  
s i n g l e  and d o u b l e  i n d e n t  cr imped c o n t a c t s ,  F i g u r e  7 i s  a s e c t i o n  
v iew o f  CESO-20-S046-20 cr imped c o n t a c t ,  and f i g u r e  8 i s  a 
s e c t i o n  v iew o f  CESO-20-D046-20 cr imped c o n t a c t .  The e f f e c t  of  
d e c r e a s i n g  t h e  i n d e n t o r  s p a c i n g  f o r  t h e  d o u b l e  i n d e n t  c o n f i g -  
u r a t i o n  d o e s  r e d u c e  t h e  c r o s s  s e c t i o n  o f  t h e  wire. T h i s  c a n  be 
s e e n  i n  f i g u r e  9 ,  a s e c t i o n  view of a CESO-20-D037-20 cr imped 
c o n t a c t .  

I 

The f r a c t u r e  mechanism of t e n s i l e  f a i l u r e  was i n v e s t i g a t e d  based  
upon t h e  h y p o t h e s i s  t h a t  t h e  s m a l l e r  i n d e n t o r  s p a c e r  s e t t i n g s ,  
s u c h  a s  CESO-16-D043-16, produced c r a c k i n g  of t h e  w i r e  s t r a n d s  
r e s u l t i n g  i n  lower t e n s i l e  s t r e n g t h .  T h i s  i n v e s t i g a t i o n  t o o k  
t h e  form of  m e t a l l o g r a p h i c  i n s p e c t i o n  of mounted and s e c t i o n e d  
cr imped spec imens .  

F i g u r e  10 i s  a s e c t i o n e d  view o f  a CESO-16-D054-16 cr imped 
spec imen;  f i g u r e  11 a CESO-16-D050-16 cr imped spec imen;  f i g u r e  
12 a CESO-16-D046-16 cr imped specimen;  and f i g u r e  13 a CESO-16- 
0043-16 cr imped specimen.  l h e  f o u r  v iews  do i n d i c a t e  i n c r e a s e d  
p r e s s u r e  a s  a f u n c t i o n  of  d e c r e a s e d  i n d e n t o r  s p a c i n g .  A c l o s e r  
( g r e a t e r  m a g n i f i c a t i o n )  i n s p e c t i o n  o f  t h e  spec imens  d i d  n o t  re- 
v e a l  any s u r f a c e  c r a c k s  o n  any wi re  s t r a n d s  v i s i b l e .  A l l  a r e a s  
which a p p e a r e d  t o  be  r i g h t  a n g l e  b r e a k s  a l s o  had t h e  d o u b l e  l i n e  
f e a t u r e  of s u r f a c e  p l a t i n g .  I f  a c r a c k  had been  produced by 
c r i m p i n g ,  t h e  p l a t i n g  would n o t  be c o n t i n u o u s .  

3.6 Hvbr id  Grour;, I n  v e s t  i a a t  i o n  

-. - 

T e n s i l e  s t r e n g t h  of  c r imped c o n n e c t i o n s  i s  p r i m a r i l y  a 
f u n c t i o n  of  t h e  wire s i z e ,  m a t e r i a l  and f i n i s h ,  and t h e  c o n t a c t  
t y p e  and s i z e  w i t h  t h e  i n d e n t o r  s e t t i n g  o p t i m i z e d  a g a i n s t  t h e s e .  
I n  t h i s  i n v e s t i g a t i o n ,  f o u r  i n d e n t o r  s e t t i n g s  were s p e c i f i e d  f o r  
e a c h  of  t h e  wire s i z e s .  It would be e x p e c t e d  t h a t  t e n s i l e  
s t r e n g t h  a c r o s s  t h e s e  g r o u p s  o f  f o u r ,  i . e . ,  t e n s i l e  s t r e n g t h  a s  
a f u n c t i o n  o f  i n d e n t o r  s p a c i n g  o n l y ,  would v a r y  smoothly.  T h i s  
was n o t  found  t o  be t h e  c a s e .  The p r o c e s s e d ,  t e n s i l e - s t r e n g t h -  
o n l y  d a t a  f o r  30 p e r c e n t  of  t h e  spec imens  f r o m  t h e  184 g r o u p s  
r e v e a l e d  unevenness .  T h i s  c a n  be s e e n  i n  t h e  t e n s i l e  s t r e n g t h  
p l o t s  o f  f i g u r e  14 t h r o u g h  19. 

A r e v i e w  o f  t h e  e x p e r i m e n t  and i t s  c o n t r o l s  p o i n t e d  t o  t h e  p o s s i -  
b i l i t y  o f  v a r i a b i l i t y  i n  wire used w i t h i n  t h e  g r o u p s  o f  f o u r .  
T h i s  p o s s i b i l i t y  was r a t h e r  c e r t a i n  due  t o  t h e  i n a b i l i t y  t o  ob- 
t a i n  t h e  r e q u i r e d  wire f rom a s i n g l e  s o u r c e ,  I n  a n  a t t e m p t  t o  
c o n f i r m  t h i s ,  h y b r i d  expe r imen t  g roups  were p r e p a r e d .  The ex- 
p e r i m e n t  s p e c i f i e d  t h e  u s e  o f  w i r e  s t a m p e d  f o r  one  i n d e n t o r  
s p a c i n g  i n  a g r o u p  o f  f o u r  f o r  t h e  p r e p a r a t i o n  o f  spec imens  
w i t h  t h e  i n d e n t o r  s p a c i n g  o f  t h e  g r o u p  c o n s i d e r e d  o u t  o f  l i n e ,  
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Figure 14. Tensile Strength vs. Indentor Spacing - NAS 1662 Contacts and Nickel 
Plated Wire 
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TABU 6 

TENSILE STRENGTH VARIATIONS 
AS A FUNCTIUN UF DIFFERENT W I R E  

POUNDS 

55 



I 

TABU 6 (Continued) 
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For example,  a sample l o t  was p repa red  conforming t o  t h e  r e -  
qu i r emen t  s of  1662-20-D043-20 w i t h  w i r e  stamped 1662-20-3040-20. 
The t e n s i l e  s t r e n g t h  of t h e  h y b r i d  l o t  was 33.90 pounds.  T h i s  
i n c r e a s e  of  2.92 pounds i s  p l o t t e d  i n  f i g u r e  14. A t o t a l  o f  15 
h y b r i d  l o t s  were p r e p a r e d  and t e n s i l e  t e s t e d ,  The r e s u l t s  a r e  
g i v e n  i n  T a b l e  6. These  d a t a  i n d i c a t e  12  i n c i d e n t s  of improve- 
men t s ,  two i n c i d e n t s  of  no s i g n i f i c a n t  change ,  and one  i n c i d e n t  
o f  d e g r a d a t i o n ,  
d o t t e d  l i n e s  i n  f i g u r e s  14 t h r o u g h  19. 

Of t h e  15, a number have been p l o t t e d  w i t h  

From t h e  p l o t s  o f  t h e  s p e c i f i e d  l o t s ,  f i g u r e s  14 t h r o u g h  19 ,  
t h e r e  were i n d i c a t i o n s  t h a t  t h e  s p e c i f i e d  r a n g e  o f  i n d e n t o r  
s p a c i n g s  was n o t  s u f f i c i e n t  t o  b r a c k e t  t h e  optimum o r  maximum 
t e n s i l e  s t r e n g t h  s e t t i n g .  
p r e p a r e d .  The i n d e n t o r  s p a c i n g  was such  a s  t o  i n c r e a s e  c e r t a i n  
o f  t h e  g r o u p s  of  f o u r  t o  g r o u p s  o f  f i v e .  T h i s  d a t a  i s  l i s t e d  
a s  S e r i a l  200 i n  t h e  d a t a  f i l e .  The r e s u l t s  of  t h i s  i n v e s t i -  
g a t i o n  a r e  i n c l u 6 e d  i n  t a b l e  4 and p l o t t e d  i n  f i g u r e s  14 

A second supp lemen ta ry  g r o u p i n g  was 

thrsug!? 19. 

T h e  r e s u l t s  of  t h e s e  e x p e r i m e n t s  conf i rmed t h a t  wires from 
d i f f p r e n t  s o u r c e s  v a r y  s u f f i c i e n t l y  t o  c a u s e  v e r y  n o t i c e a b l e  
changes  i n  t e n s i l e  s t r e n g t h ,  and t h e  r a n g e  o f  i n d e n t o r  s e t t i n g s  
should  be expanded by a f a c t o r  o f  1.5 bo th  i n  number and s e t t i n g  
s p r e a d .  I n  t h e  c a s e  of t h e  CE c o n t a c t s ,  t h e  median v a l u e  f o r  
t h e  d o u b l e  i n d e n t  c r imp should  be 0.003 i n c h  g r e a t e r  t h a n  t h e  
median  v a l u e  of  t h e  s i n g l e  i n d e n t  c r imp f o r  t h e  same c o n t a c t  
and w i r e  s ize .  

3.7 F n v i r o  nment a 1 S t r e s s  

The e f f e c t s  of  t h e  e n v i r o n m e n t a l  e x p o s u r e  of  t h e  crimped 
c o n t a c t s  on t e n s i l e  s t r e n g t h  i s  g i v e n  i n  t a b l e  7. T h e  mean 
t e n s i l e  v a l u e s ,  d e s i g n a t e d  TAB, cor re spond  t o  50 p e r c e n t  o f  t h e  
f a b r i c a t e d  spec imens ,  i . e . ,  a l l  t h a t  were n o t  exposed t o  any 
e n v i r o n m e n t a l  s t r e s s ;  TE c o r r e s p o n d s  t o  38 p e r c e n t  o f  t h e  
spec imens  which were exposed t o  t h e  e n v i r o n m e n t a l  s t r e s s e s  o f  
shock ,  v i b r a t i o n ,  t h e r m a l  shock ,  and l i f e  t e s t ,  b u t  n o t  s a l t  
f o g ;  and TS c o r r e s p o n d s  t o  12 p e r c e n t  of t h e  spec imens  which 
were exposed  t o  a l l  e n v i r o n m e n t a l  s t r e s s e s  i n c l u d i n g  s a l t  f o g .  

A r e v i e w  o f  t h e  mean v a l u e s  i n d i c a t e s  t h a t  t h e  e n v i r o n m e n t a l  
s t r e s s  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  t e n s i l e  s t r e n g t h  o f  
t h e  c r imped c o n t a c t  a s s e m b l i e s .  
no ted  (5  t o  10 p e r c e n t )  f o r  t h e  TE d a t a ,  
r e v e a l s  g e n e r a l  i n c r e a s e s  i n  t e n s i l e  s t r e n g t h  f o r  t h e  s i n g l e  
i n d e n t  spec imens  and d e c r e a s e  i n  t e n s i l e  s t r e n g t h  f o r  t h e  d o u b l e  
i n d e n t  c o n f i g u r a t i o n  spec imens .  

S m a l l  v a l u e s  o f  d e c r e a s e  a r e  
The s a l t  f o g  TS d a t a  
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It c a n  be  c o n j e c t u r e d  t h a t  t h e  h e a t  c y c l i n g  and h e a t  s t o r a g e  
y i e l d e d  a s l i g h t  r e d u c t i o n  i n  compress ion  f o r c e s  o n  t h e  w i r e  
due  t o  d i f f e r e n t i a l  e x p a n s i o n  and e l a s t i c i t y  o f  t h e  wire and 
c o n t a c t  b a r r e l .  The s a l t  f o g  and i t s  a s s o c i a t e d  c o r r o s i v e  
a c t i o n  i n c r e a s e d  t h e  c o e f f i c i e n t  o f  f r i c t i o n  be tween t h e  wire 
and t h e  c o n t a c t  b a r r e l  and t h e r e b y  i n c r e a s e d  t e n s i l e  f o r  t h o s e  
c o n t a c t  a s s e m b l i e s  which f a i l  due t o  s l i p p a g e .  F o r  t h o s e  assem- 
b l i e s  which a r e  c r imped a t  s p a c i n g s  which c o n s t i t u t e  a r e d u c t i o n  
i n  t h e  e f f e c t i v e  c r o s s  s e c t i o n  o f  t h e  wire,  t e n s i l e  s t r e n g t h  
r e d u c t i o n s  u p  t o  24 p e r c e n t  were recorded f o r  o t h e r  16D043-16 
g r o u p s  bu t  n o t  t o  t h e  same e x t e n t ,  



TAB - Average Tensile Strength of 50 unstressed sample 
specimens. 

TE - Average Tensile Strength of 38 t h e m a l l y  and 
mechanically shocked and l i f e  t e s t ed  sample 
specimens. 

TS - Average Tensile Strength of 12 thermally and 
mechanically shocked,life tes ted ,  and salt fog 
exposed sample specimens. 
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AVERAGE TENSILE STRENGTH OF NAS TYPE 1662 CONTACTS 

A FUNCTION OF CONTACT S I Z E ,  INDENTOR SPACING, INDENTOR 
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WB - Average Tensile Strength of 50 unstressed sample 
specimens. 

TE - Average Tensile Strength of 38 thermally and 
mechanically shocked and l i f e  tes ted  sample 
specimens. 

TS - Average Tensile Strength of 12 thermally and 
mechanically shocked,life tes ted ,  and salt fog 
exposed sample specimens. 



TABU 7 ( C o n t i n u e d )  

AVERAGE T E N S I L E  STRENGTH OF NAS TYPE 1663 CONTACTS 
CRIMPED TU NICKEL PLATED COPPER WIRE AS 

CONFIGURATION, W I R E  SIZE, AND ENVIRONMENTAL EXFQSURE 
A EUNCTION O F  CONTACT SIm, INDENTOR SPACING, INDENTOR 
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TAB - Average Tensile Strength of 50 unstressed sample 
specimens. 

'I% - Average Tensile Strength of 38 thermally and 
mechanically shocked and l i f e  t e s t e d  sample 
specimens. 

TS - Average Tensile Strength of 12 thermally and 
mechanically shocked,life tes ted ,  and salt fog 
exposed sample specimens. 



TABLE 7 ( C o n t i n u e d )  

AVERAGE TENSILE STRENGTH OF MS TYPE 3192 CONTACTS 
CRIMPED To NICKEL PLATED COPPER WIRE AS 

A FUNCTION OF CONTACT SIZE, INDENTOR SPACING, INDENTOR 
CONFIGURATION, W I R E  SIZE, AND ENVIRONMENTAL EXPOSURE 

POUNDS 

Single 
Indent 

N 

TS 
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TAB - Average Tensile Strength of 50 unstressed sample 
specimens. 

TE - Average Tensile Strength of 38 thermally and 
mechanically shocked and l i f e  tes ted  sample 
specimens. 

TS - Average Tensile Strength of 12 thermally and 
mechanically shocked,life tes ted ,  and salt fog 
exposed sample specimens. 
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AVERAGE TENSILE STRENGTH OFMS TYPE 3193 CUNTACTS 
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TAB - Average Tensile Strength of 50 unstressed sample 
specimens. 

TE - Average Tensile Strength of 38 thermally and 
mechanically shocked and l i f e  t e s t e d  sample 
specimens. 

TS - Average Tensile Strength of 12 thermally and 
mechanically shocked,life tes ted ,  and salt fog 
exposed sample specimens. 
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AVERAGZ T E N S I L E  STRENGTH OF BENDIX TYPE CE ( P I N )  
CONTACTS C R I M m D  To NICKEL PLATED COPPER WIRE AS 

A FUNCTION OF CONTACT SIZE, INDENTOR SPACING, INDENTOR 
CONFIGURATION, WIRE S I a ,  AND ENVIROIVMENTAL EXPOSURE 

POUNDS 



TAB - Average Tensile Strength of 50 unstressed sample 
specimens. 

TE - Average Tensile Strength of 38 thermally and 
mechanically shocked and l i f e  t e s t ed  sample 
specimens. 

TS - Average Tensile Strength of 12 thermally and 
mechanically shocked,l ife t e s t ed ,  and salt fog 
exposed sample specimens. 



TABLE 7 ( C o n t i m e d )  

AVERAGE TENSILE STRENGTH OF BENDIX TYPE C E  (SOCKET) 

A FVNCTION OF CONTACT SIZE, INDENTOR SPACING, INDENTOR 
CONF’IGURATION, WuiE SIZE, AND ENVIRONMENTAL EXPOSURE 

CONTACTS CRIMPED TO NICKEL PLATED COPPER WLRE A S  

POUNDS 

I +  
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4. VOLTAGE DE?OP 

4 . 1  G e n e r a l  

V o l t a g e  d r o p ,  a s  a f u n c t i o n  o f  a p r e s c r i b e d  c u r r e n t ,  i s  
t h e  n o r m a l l y  a c c e p t e d  means of i n d i c a t i n g  e l e c t r i c a l  q u a l i t y  o f  
c r imped c o n n e c t i o n s .  The t e c h n i c a l  g u i d e  l i n e s  g i v e n  I n  t h e  
Foreworc! o f  t h e  r e p o r t  s p e c i f i e d  two s u c h  measurements .  The 
f i r s t  immedia t e ly  a f t e r  c r imping  and t h e  second  a f t e r  e n v i r o n -  
m e n t a l  e x p o s u r e .  The c o n t r a c t  was amended t o  a l l o v J  t h e  e n v i r o n -  
m e n t a l l y  exposed  spec imens  t o  be f u r t h e r  exposed  t o  t h e  c o r r o s i v e  
a t m o s p h e r e  o f  1/2 p e r c e n t  s a l t  f o g .  The spec imens  were a g a i n  
i n s p e c t e d  f o r  v o l t a g e  d r o p  a f t e r  t h e  s a l t  f o g  e x p o s u r e .  

The v o l t a g e  d r o p  measu red ,  i n  g e n e r a l ,  exceeded  t h e  v a l u e  s p e c i -  
f i e d  i n  IdIL-T-22520. T h i s  was o b s e r v e d  f o r  a l l  t h r e e  s e t s  of  
v o l t a g e - d r o p  measurements .  It was a l s o  o b s e r v e d  t h a t  t h e  v o l t -  
a g e  d r o p  i n c r e a s e d  a f t e r  t h e  e n v i r o n m e n t a l  e x p o s u r e  and ,  t o  a 
g r e a t e r  e x t e n t ,  a f t e r  t h e  s a l t  fog  e x p o s u r e .  

4 . 2  Lies s u r  ement Pro  c ed u r  e 
- ; h e  a p p l i c a b l e  s p e c i f i c a t i o n  dcllnzstes v o l t a g e  d r n y  a s  

b e i n g  t h a t  v o l t a g e  measured f rom t h e  f l a r e d  end o f  t h e  c r i m p  
b a r r e l  and a p o i n t  o n  t h e  wi re  0 ,5  i n c h  from t h e  c r imp l i n e  when 
t h e  w i r e  and c r i m p  j 3 i n t  a r e  c a r r y 3 n g  a s p e c i f i e d  c u r r e n t .  
v o l t a g e  d r o p  l i m i t s  f o r  t h e  c o n t a c t  and wire s i z e s  o f  t h i s  
a r e  t a b u l a t e d  h e r e  f o r  r e f e r e n c e :  

I.;. V. D r o n  ,.,. C o n t a c t  S ize  biire S i z e  AmDeres 

20 
20 
16 
16 

22 5.0 4.0 
2C 7.5  4.0 
20 7.5 4.3 
16 13.0 3.5 

The spec imens  were rnountccl i n  t h r e e  i n s D e c t i o n  c l i n s  which 

The 
s t u d y  

pro-  
v i d e d  e l e c t r i c a l  c o n n e c t i o n  f o r  t h e  t e s t  c u r r e n t  and t h e  v o l t a g e  
d r o p  c o n n e c t i o n  t o  t h e  s t r i p p e d  wire. The v o l t a g e  d r o p  connec-  
t i o n  t o  t h e  c o n t a c t  s h o u l d e r  was made w i t h  a n  a l l i g a t o r  c l i p .  
The c u r r e n t  s o u r c e  was a s p o t - c a l i b r a t e d ,  u n r e g u l a t e d  power 
s u p p l y ,  w i t h  a s e r i e s  i s o l a t i o n  r e s i s t o r  of a p p r o x i m a t e l y  1.5 
ohms, The v o l t a g e  d r o p  was measured by a c a l i b r a t e d  m i l l i v o l t  
meter. The 1/2 i n c h  d i s t a n c e  was m a i n t a i n e d  w i t h  t h e  p i e c e  o f  
i n s u l a t i o n  h e a t  s t r i p p e d  f o r  t h a t  p u r p o s e ;  see f i g u r e  2 ,  

It i s  r e c o g n i z e d  t h a t  t h e  method of  v o l t a g e  d r o p  measurement  h a s  
t h e  l i m i t a t i o n s  o f  i n c l u d i n g  a p o r t i o n  o f  t h e  e x c i t a t i o n  c u r r e n t  
c i r c u i t  i n  t h e  v o l t a g e  c i r c u i t .  A t r u e  i ce lv in  E r i d g e - t y p e  
rlieasureriient c o u l d  o n l y  be o b t a i n e d  i f  t h e  end o f  wirc! a t  t h e  
bot tom of  t h e  c o n t a c t  b a r r e l  was made one  o f  t h e  F o i n t s  o f  v o l t -  
a g e  p i c k u p .  T h i s  would be f e a s i b l e  i f  t h e  wire end d i d  n o t  



I 

t o u c h  t h e  c o n t a c t  and a n  i n s u l a t e d  p robe  were used t h r o u g h  t h e  
i n s p e c t i o n  h o l e .  The p r e s c r i b e d  1/2 i n c h  s p a c i n g  o f  t h e  ,>ickup 
c o n t a c t  y i e l d s  v o l t a g e  d r o p  v a l u e s  t h a t  g e n e r a l l y  exceed  t h e  
limit v a l u e s  g i v e n  above .  T h i s  was o b s e r v e d  f o r  b o t h  nic!:el- 
and s i l v e r - p l a t e d  wire. I n  f a c t ,  1/2 i n c h  o f  AVG 22 b a r e  s o l i d  
c o p p e r  wi re  h a s  a v o l t a g e  d r o p  of j u s t  l e s s  t h a n  4.0 m i l l i v o l t s .  

The v o l t a g e  d r o p  d a t a  recorcled and p r e s e n t e d  i n  t h i s  r e p o r t  and 
o t h e r  p r i n t  o u t s  i s  t h e  v o l t a g e  d r o p  o f  1/2 i n c h  of  wire and t h e  
c r imp .  The 1/2 i n c h  d i s t a n c e  was m a i n t a i n e d  un i fo rm t h r o u g h o u t  
a 1 1  measurements  by t h e  use of t h e  s t r i p p e d  i n s u l a t i o n  s p a c e s .  

4.3 C r i m r ,  Conf i s u r a t i o n  

The measured mean v o l t a g e  d r o p  f o r  t h e  192 d i f f e r e n t  
c o n t a c t ,  wire ,  c o n f i g u r a t i o n  and d e p t h  c o m b i n a t i o n s  i s  g i v e n  
i n  a p p e n d i x  D. A r e v i e w  o f  t h e  i n i t i a l  v a l u e s  r e v e a l s  no s i g n i f -  
i c a n t  d i f f e r e n c e s  i n  v o l t a g e  d r o p  a s  a f u n c t i o n  o f  i n d e n t  d e p t h  
o r  c o n f i g u r a t i o n .  

4.4 E n v i r o  nnient a 1 S tr  e s 5 

The v o l t a g e  d r o p  d a t a  r e c c r d e d  a f t e r  +.he i n i t i a l  e n v i r o n -  
m e n t a l  and s a l t  f o g  t e s t s  i s  a l s o  p r e s e n t e d  i n  a p p e n d i x  3. F o r  
e a s e  o f  compar i son ,  t h e  46 c o n t a c t  t y p e s ,  c o n t a c t  s i z e s ,  wire  
s i z e s ,  and i n d e n t  c o n f i g u r a t i o n  c o m b i n a t i o n  a v e r a g e s  a r e  pre- 
s e n t e d  i n  t a b l e  8 .  From t h e s e  d a t a  i t  c a n  be conc luded  t h a t  
t h e  v o l t a g e  d r o p  i n c r e a s e d  a f t e r  t h e  t e m p e r a t u r e  and v i b r a t i o n  
t e s t ,  

The d a t a  r e v e a l s  e v e n  g r e a t e r  i n c r e a s e s  i n  v o l t a g e  d r o p  a t  t h e  
c o n c l u s i o n  of  t h e  s a l t  f o g  e x p o s u r e ,  The magn i tude  o f  i n c r e a s e  
i s  g r e a t e s t  i n  t h e  NAS and itis g r o u p s .  The i n c r e a s e s  i n  t h e  CE 
g o u p s -  were l e s s  t h a n  25 p e r c e n t ; ,  T h i s  anomaly h a s  n o t  been  
e x p l a i n e d .  

T a b l e  S s c o r e s  t h e  s i n g l e  i n d e n t  c o n f i g u r a t i o n  a g a i n s t  t h e  
d o u b l e  i n d e n t  c o n f i g u r a t i o n  g r o u p s .  The s i n g l e  i n d e n t  c o n f i g -  
u r a t i o n  g r o u p s  hac! h i g h e r  a v e r a g e  v o l t a g e  d r o p  a t  t h e  c o n c l u s i o n  
o f  t h e  s a l t  f o g  s t r e s s  e x p o s u r e  i n  19 o u t  of 23 c o m p a r i s o n s .  
T h e s e  d a t a  f o l l o w  c l o s e l y  t h e  t e n s i l e  d a t a  a s  a n a l y z e d  i n  
s e c t i o n  3.7. The c o n c l u s i o n s  made a b o u t  r e l a t i v e  t e n s i l e  
s t r e n g t h  c a n  be made a b o u t  r e l a t i v e  v o l t a g e  d r o p  a f t e r  s a l t  f o g  
e x p o s u r e ,  i . e . :  

a .  The d o u b l e  i n d e n t  c o n f i g u r a t i o n  y i e l d s  lower v o l t a g e  
d r o p  a f t e r  s a l t  s p r a y  f o r  t h e  e n t i r e  p o p u l a t i o n  s t u d i e d .  

b.  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  f o r  t h e  CE 
g r o u p  when c o n s i d e r e d  a l o n e ,  
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"B" - Data from 24 sample specimens f r o m  each group 
as prepared. 

"E" - Data f r o m  12 sample specimens f r o m  each group 
a f t e r  thermal and mechanical shock and l i f e  t e s t .  

"S" - Data from the 12 "E" sample specimens after 
10 days of 112 percent salt  fog a t  5OoC. 

"SIVIS" - Single Indent Voltage Drop - S 

" D I V E f '  - Double Indent Voltage Drop - S 
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5. Iil3ENT 3EPTH 

5.1 G e n e r a l  

T h e  t e c h n i c a l  g u i d e l i n e s  s p e c i f y  t h e  r e c o r d i n g  o f  i n + > n t  
d e p t h  b e f o r e  and a f t e r  e n v i r o n m e n t a l  exposure .  
s p e c i f i e d  a s  t h e  i n d e n t o r  s p a c i n g  p l u s  t h e  snap-back of  t h e  con- 
t a c t  b a r r e l  and w i r e ,  i . e . ,  t h e  r a d i a l  bot tom-to-bot tom dimen- 
s i o n  o f  t h 2  c r imps .  The s p a c i n g  o f  t h e  i n d e n t o r s  of t h e  pro-  
d u c t i o n  c r imping  t o o l  was s e t  u s i n g  p r e c i s i o n  wire g a g e s .  The 
i n d e n t  d e p t h  o f  t h e  cr imped specimens was measured w i t h  a n  i n -  
s p e c t o r ' s  bench g a g e  which had a l e v e r - o p e r a t e d  d i a l  i n d i c a t o r  
u i t h  1 . 0  m i l - r a d i u s  p o i n t s .  

Inc!?nt r !?>th i s  

T h i s  g a g e  was a d j u s t e d  and c a l i b r a t e d  i n  t h e  T o o l  and Gage !le- 
p a r t m e n t .  C o n s i d e r a b l e  d i f f i c u l t y  was e x p e r i e n c e d  w i t h  t h e  
n a i n t e n a n c e  o f  c a l i b r a t i o n  and i n  t h e  u n i f o r m i t y  o f  measure-  
ments  f rom d i f f e r e n t  i n s p e c t o r s .  
c a r d  f e r  r e f e r e n c e  p u r o o s e s  i n d e n t  d e p t h  measurements  of s a n o l e s  
f rom s a c h  g r o u p  made by one  m e c h a n i c a l  i n s p e c t o r  u s i n g  poii-i-ted 
m i c r o m e t e r s .  
-r ef e r e n c  e mea s u r  ement s . 

T h i s  made it n e c e s s a r y  t o  re -  

The i n d e n t  d e p t h  d a t a  i s  p r i m a r i l y  based  upon t h e  

5.2 3 a t a  Ad jus tmen t s  

The i n d e n t  d e p t h  d a t a  a s  e n t e r e d  i n  t h e  d a t a  l o g  was re- 
viewed f o r  comple t eness  p i o r  t o  s u b m i s s i o n  f o r  c a r d  punching .  
I t  was r ev iewed  a g a i n  a f t e r  c a r d  punch ins  and a f t e r  t h e  p r o c e s s -  
i n g  which p rov ided  v a l u e s  o f  minimum, maximum, mean, and s t a n -  
d a r d  d e v i a t i o n  f o r  each  g r o u p  o f  measurements .  The l a t t e r  r e -  
v iew p o i n t e d  o u t  o u t l y i n g  d a t a  p o i n t s  a s  we l l  a s  d a t a  p o i n t s  
Liith t r a n s p o s e d  f i g u r e s .  These  were c o r r e c t e d  i n d i v i d u a l l y  o n  
t h e  d a t a  c a r d s .  The 2 r o c e s s c d  mean, maximuin, and mininum v z l u e s  
were compared w i t h  t h e  sample i n d e n t  d e p t h  fiieasurcments, and a 
judgemen t  was made a s  t o  t h e  e x i s t a n c e  of any b i a s  e r r o r .  
i n  t h e  o p i n i o n  o f  t h e  r e v i e w e r  one d i d  e x i s t ,  t h e  whole d a t a  
f i e l d  Ivas z d j u s t e d .  
2 o r t .  I ~ O  a t ter i lpt  was made t o  a d j u s t  f o r  t h e  o b s e r v e d  v a r i a t i o n s  
i n  d a t a  v a r i a b i l i t y .  

5.3 ! la ta  A n a l y s i s  

If  

The a d j u s t e d  d a t a  i s  p r e s e n t e d  i n  t h i s  r e -  

The measured i n d e n t  d e p t h  of  t h e  F r e p a r e d  s7ec imens  
g r o u p s  i s  g i v e n  i n  t a b l e  9. The d a t a ,  a t a b u l a t i o n  o f  ave raged  
mean v a l u e s  o f  i n d e n t  d e p t h  f o r  e i t h e r  s i n g l e  o r  (double  i n d e n t  
c o n f i g u r a t i o n  o f  t h e  male  and f e m a l e  c o n t a c t s ,  i n d i c a t e  s e n e r a 1  
s i m i l a r i t y  w i t h  some e v i d e n c e  o f  g r e a t e r  ' ' snap  back" f o r  t h e  E 
c o n t a c t s .  
b a r r e l  i n n s r  rl iai , ieter i s  q.003 i n c h  l e s s  t h a n  t h e  ssme 4irn3n- 
s i o n  o f  t h e  IJAS and 1.15 c o n t a c t s ,  Tha c o n t a c t s  cr imped a t  t h e  
s i i i a l l c s t  i n d e n t o r  sDacings  appear  t o  " s n a p  back" rnore t h a n  t h e  
c o n t a c t s  cr imped a t  t h e  l a r g e s t  spac inc ; .  
f ori.ianc e .  

T h i s  c o u l d  r e s u l t  from t h e  f a c t  t h a t  ';he crii-97 

T h i s  a n  e x p e c t e d  ; ~ e r -  
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A d d i t i o n a l  r e v i e w i n g  of  t h e  p rocessed  d a t a  i n J i c a t e s  t h a t  t h e  
i n d e n t  d e p t h  i n c r e a s e d  s l i g h t l y  a s  a r e s u l t  o f  t h e  t e m p e r a t u r e  
shock and t e m p e r a t u r e  l i f e  t e s t s .  T h i s  c a n n o t  be s t a t e d  x i t h  
any c e r t a i n t y ,  s i n c e  t h e  d a t a  was n o t  measured w i t h  t h e  a c c u r a c y  
t o  p rove  t h a t  what was o b s e r v e d  was n o t  a p u r e l y  randorn o c c u r r e n c e .  
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6 .  DEi:ORi.'ATIOiJ A N 3  A'XIAL CFiTl I N G  

6.1 G e n e r a l  

The measurement of t h e  e x t e n t  o f  d e f o r m a t i o n  o f  t h e  
c r imped c o n t a c t  a s s e m b l i e s  c o n s i s t e d  of  (1) 3 e f o r m a t i o n  3i-  
ame te r  ( D D L ) ,  which i s  t h e  maxirnum d i a n e t e r  o f  t h e  b a r r e l  o v e r  
t h e  c r i m p s ,  and ( 2 )  A x i a l  Bending ( A B l i ) ,  Lvhich i s  t h e  t o t a l  
e c c e n t r i c i t y  o f  t h e  f l a r e d  end of  t h e  c o n t a c t  b a r r e l .  F o r  a 
i n a j o r i t y  of  t h e  sample soec imens ,  t h e s e  measurements  were made 
w i t h  t h e  same s e t u p  and same i n s t r u m e n t ,  a n  o p t i c a l  com?ara to r .  
A f t e r  t h s  d a t a  had been  p r o c e s s e d ,  i t  was n e c e s s a r y  t o  r e i n s p e c t  
s e v e r a l  g r o u p s  due  t o  a p p a r e n t  o p e r a t o r  e r r o r .  T h i s  was p a r t i c -  
u l a r l y  t r u e  f o r  t h e  D 3 i l  v a l u e s .  Two new g r o u p s  o f  24 spec imens  
were p r e p a r e d  i n  o r d e r  t o  overcome o m i s s i o n s  i n  t h e  t r a n s c r i b -  
i n g  o f  d a t a .  T h e s e l a t t e r  measurements  were made by a n e c h a n i -  
c a l  i n s p e c t o r  u s i n g  mic romete r  t e c h n i q u e s  f o r  99;l and t h e  o p t i -  
c a l  compara to r  f o r  t h e  AB:1 neasu remen t s .  The d a t a  sunrnar ies  of 
neasused  22;,; and AEib; f ~ r  t h e  stud17 J n - n l l - c  J ' " - d - -  a r e  g i v e n  i n  t a h l e  10. 

6 . 2  9 e f  o r m a t  i o q  

The v a l u e s  o f  t h e  maximum d i a m e t e r  f o r  t h e  s i z e - 2 0  con- 
t a c t s  r a n g e  from 0.074 t o  0.080 i n c h  c o r r e s p o n d i n g  t o  d e c r e a s -  
i n g  i n d e n t o r  s p a c i n g .  The re  i s  an i n d i c a t i o n  t h a t  t h e  d o u b l e  
i n d e n t  c o n f i g u r a t i o n  p roduces  g r e a t e r  d e f o r m a t i o n  t h a n  d o e s  t h e  
s i n g l e  i n d e n t  c o n f i g u r a t i o n .  

The v a l u e  o f  t h e  maximum d i a m e t e r  f o r  t h e  s i z e - 1 6  c o n t a c t  r a n g e s  
f rom 0.098 t o  0.110 i n c h  c o r r e s p o n d i n g  t o  d e c r e a s i n g  i n d e n t o r  
s p a c i n g .  A s  w i t h  t h e  s i z e - 2 3  c o n t a c t ,  t h e r e  i s  a n  i n d i c a t i o n  
t h a t  t h e  d o u b l e  i n d e n t  c o n f i g u r a t i o n  p r o d u c e s  g r e a t e r  d e f o r m a t i o n .  
T h i s  c a n n o t  be a c c e p t e d  due  t o  p o s s i b l e  e r r o r  i n  r e a d i n g  t h e  
maximum d i a m e t e r  o p t i c a l l y .  The e x c e p t i o n  o f  n o t e  a r e  t h e  CESO- 
16-20 sample  spec imens  which were measured by mic romete r  t e c h -  
n i q u e  s. 

6 . 3  Axia 1 Bend i n q  

The v a l u e s  of a x i a l  bending ( e c c e n t r i c i t y )  r a n g e  from a 
few t h o u s a n d t h s  t o  mean v a l u e s  a s  h i g h  a s  15 t h o u s a n d t h s .  The 
d a t a  p a t t e r n  i n d i c a t e s  t h a t  g r e a t e r  a x i a l  bending  c a n  b e  e x p e c t e d  
f o r  t h e  d o u b l e  i n d e n t  c o n f i g u r a t i o n  when compared t o  t h e  c o r r e s -  
ponding  s i n g l e  i n d e n t  c o n f i g u r a t i o n .  The magn i tude  o f  t h e  bend- 
i n g  i n  g e n e r a l  a p p e a r s  t o  v a r y  i n v e r s e l y  a s  a f u n c t i o n  o f  t h e  
i n d e n t o r  s p a c i n g .  

The e x c e p t i o n s  n o t e d  i n  t h e  d a t a  c a n  p o s s i b l y  b e  a f u n c t i o n  o f  
i n i t i a l  r u n - o u t  o f  t h e  c o n t a c t s  p r i o r  t o  c r i m p i n g .  I n v e s t i g a t i o n  
d i s c o v e r e d  t h a t  l e s s  t h a n  2 5  p e r c e n t  would p a s s  t h e  l i m i t s  o f  
0 . 0 0 1 - i n c h  t o t a l  r u n - o u t .  The v a l u e  was o b s e r v e d  t o  exceed 0.005 
i n c h  f o r  a p p r o x i m a t e l y  15 p e r c e n t  o f  t h e  c o n t a c t s ,  
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TABU 10 

UTA SUMMARIES OF MEASURED 
DEFORMATION (DIN) AND AXIAL 

BENDING (ABM) FOR T€E NAS 1662 CRIMPED CONTACTS 
10-3 INCHES 

78.6 
78.6 
78.6 
77.8 

80.1 
79.1 
77.4 
77.9 

102.4 
102.4 
102.4 
102.5 

105 5 
104.6 
103 9 
102.4 

2.6 
3.4 
5.9 
3.1 

2.8 
3.4 
2.6 
2*9 

7.7 
7.2 
7.2 
6.7 

7-3 
7.2 
7.2 
6.0 

79.2 
78.6 
76.2 
76.7 

79.6 
70.8 
78.3 
78.0 

104.2 
102.2 
101.7 
100.0 

106.7 
105.7 
104.0 
102.1 

7.5 
4.8 
3.8 
3.1 

6.3 
5.4 
4.1 
5 *7  

12.3 
9.0 
9.4 
9.9 

10.4 
9.9 

11.5 
6.6 
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WLE 10 (Continued) 

DATA SUMMARIES OF MEASURED 
DEFORMATION (DIM) AND AXIAL 

BENDING (ABM) FOR THE NAS 1663 CRIMPED CONTACTS 
10-3 INCHES 

1663- 16( )043-16 
( 1046 

79 00 
78.8 
78.7 
78.2 

81.7 
77.7 
77.1 
76.9 

102.3 
102.0 
102.5 
102.1 

106.0 
105.2 
104.7 
104.0 

79.4 
76.9 
78.2 
76.0 

79.5 
78.6 
78.5 
78.2 

103.2 
101.7 
100.1 

106.8 

104.9 

104.9 
104.1 
102.1 

6.4 
5 00 
4.3 
5.0 

5.9 
4.4 
3.7 
3-3 

9.4 
10.0 
8.7 
8.4 

10.0 
8.0 
7.4 
5.2 

73 
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I TABLE 10 (Continued) 

WTA SUMMARIES OF MEASURED 
DEFORMATION (DIM) AND AXIAL 

BENDING (ABM) FOR "HE MS 3192 CRIMPED CONTACTS 

10-3 INCHES 

a, 
N a 
% 
cd 
4 

u 

w 
2; 
0 
4 G 
-2 
H 

Q, 
w 

T I  m 
a, 
k 

~ 

76.9 
75.8 
75.9 
74.7 

77.5 
77 98 
77-1 
76 -9 

LO&. 2 
LO4 .O 
104.1 
104.2 

L10.2 
L10.0 
~07.6 
~05.6 

4 

a c 
H 

5 

4 

32 
3.4 
4.6 
3 09 
3.0 

4.2 
3 *o 
3 96 
4.0 

2.8 
2.9 
2.7 
29 5 

2.5 
2.4 
2.8 
2.7 

79.7 
77.4 
76.7 
75.5 

79.6 
77.6 
76.8 
76.2 

105.2 
105.0 

101.9 

109.4 
107 3 
105.2 
104.0 

104.2 

15.4 
9.3 
8.2 
5 09 

9.8 
9.0 
7.0 
3.2 

7- 5 
6.6 
5.4 
5.2 

11.5 
8.0 
5.3 
7.4 

74 
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TABLE 10 (Continued) 

IlATA SUMMARIES OF MEASURED 
DEFORMATION (DIN) AND AXIAL 

BENDING (ABM) FOR THE MS 3193 CRlMPED C~N!l%CTS 
10-3 INCHES 

78.1 
77.7 
75.2 
75.0 

79.9 
779 5 
76.8 
76.9 

104.2 
104 .O 
104.0 
103.9 

109.8 
107 5 
106.2 
105.2 

6.3 
5.0 
5 *o 
4.6 

4.0 
4*3 
4.3 
3.8 

3.6 
3.6 
3.9 
2.7 

2 *9 
3 -1  
2.6 
1.9 

80.1 
78.1 
76.9 
76.7 

79.6 
79 *o 
77.6 
76.7 

106.9 
105 5 
104.7 
104.2 

109.8 
107 7 
105 3 
102.2 

14.8 
9.3 
9.6 
7 08 

9.8 
9.3 
7.9 
5 *9 

10.9 
8.6 
8.1 
6 .o 

= *7 
10.6 
7.2 
7- 3 
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TABLE 10 ( C o n t i n u e d )  

JXCA SUMMARIES OF M E A S m D  
DEFORMATION (DIM) AND AXIAL BENDING (ABM) FOR T€IE 

BENDIX TYPE CE (PIN) CRIMPED CONTACTS 
10-3 INCHES 

75.1 
75 .o 
74.5 
74.9 

75.2 
75.1 
75.3 
75.2 

100.7 
99.8 
98.9 
98.9 

103.2 
101.0 
102.2 
101.6 

7.7 
7.2 
6.2 
6.2 

7.7 
6.5 
6.7 
4.1 

6 09 
7.8 
7 *6 
5.4 

5.7 
10.6 
6.3 
4.6 

4 c 

3 
H 

2 
P 

78.2 
76.9 
76.4 
75.8 

77.1 
76.8 
76.5 
76.1 

109 7 
104.5 
103.1 
102.4 

106.5 
105 -7 
105 3 
104.6 

12.3 
11.8 
10.1 
7.4 

10.1 
9 a 7  
9.3 
7.9 

8.2 
9.8 
9.7 
7.3 

8.2 
9.4 
5 04 
7.7 

76 
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TABLE 10 (Continued) 

IIAm SUMMARIES OF MEASURED 
DEFORMATION (DIN)  AND AXIAL BENDING (ABM) FOR THE 

BENDIX TYPE CE (SOCKET) CRIMPED CON!I!4CTS 
10-3 INCHES 

-P c 
2 

8 x  
4 9  

a, 
rl 

75.3 
74.5 
74.0 
73 -6 

76.1 
74.5 
73 07 
74.0 

109.5 
109.1 
108.8 
108.5 

101.9 
101.5 
101.4 
101.4 

5.2 
6.4 
5.7 
5.1 

6.0 
6.2 
5.2 
4.3 

7.4 
6.6 
6.6 
7.1 

6.3 
6.3 
5.9 
4.2 

78.4 
77.0 
76.0 
75.9 

76.6 
76.6 
75.7 
76.3 

.09 3 
108.3 
108.5 
108.3 

105.8 
104.2 
103.3 
102 7 

12.4 
10.6 
8.1 
8.4 

11.. 6 
11.0 
7.0 
7 - 0  

9.1 
7 *6 
9.1 
8.6 

9.2 
8.3 
8.4 
5.2 

77 
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I 
I 
I 

It i s  conc luded ,  based upon t h e  r e s u l t s  o b t a i n e d  from 
t h i s  "S tudy  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  I n d e n t  Depth  and Con- 
f i g u r a t i o n  f o r  t h e  Piaximum n e l i a b i l i t y  C o n n e c t i o n s  when Idickel  
T l a t e d  Copper %'ire i s  cr imped i n t o  Gold P l a t e d  Connector  Con- 
t a c t s , "  t h a t  a d o u b l e  i n d e n t  c o n f i g u r a t i o n  a t  a n  i n d e n t o r  spac-  
i n g  t h a t  y i e l d s  a p l x o x i m a t e l y  e q u a l  i n c i d e n t s  of wire f r a c t u r e  
and wire s l i p p a g e  t e n s i l e  t e s t  f a i l u r e s  p roduces  c r i n p e d  con- 
t a c t s  w i t h  maximum t e n s i l e  s t r e n g t h  and minimum v a r i a b i l i t y .  
The t e n s i l e  s t r e n g t h  o b t a i n e d  a p p r o a c h e s  v e r y  c l o s e l y  t h e  t e n s i l e  
s t r e n g t h  o f  t h e  wire. T h i s  c o n c l u s i o n  i s  a p p l i c a b l e  f o r  t h e  16 
NAS and LIS c o n t a c t  w i r e  s i z e  c o m b i n a t i o n s  r e p o r t e d  h e r e i n .  T h i s  
c o n c l u s i o n  i s  i n d i c a t e d  a s  be ing  a p p l i c a b l e  t o  t h e  CE-type con- 
t a c t s .  The r e s e r v a t i o n  be ing  t h a t  t h e  stud.y d i d  n o t  i n c l u d e  
i n d e n t o r  s p a c i n g s  f o r  t h e  CE d o u b l e  i n d e n t  which b r a c k e t  t h e  
o;!timuu o r  rnaxirnun t e n s i l e  s t r e n o t h  s e t ' - i n g .  The s t u d y  d i d  
i n d i c a t e  t h a t  t h e  CE d o u b l e  i n d e n t  optimum i n d e n t o r  s p a c i n g  
...- V V u U L w  , , 7  A be g r e a t e r  bv a v a l u e  of  t h r e e  t o  s i x  t h o u s a n d t h s  t h a n  
t h e  optimum f o r  t h e  s i n g l e  i n d e n t  conf igura i iu l -1 .  

I t  i s  conc luded  t h a t  t h e  s a l t  f o g  env i ronmen t  i n c r e a s e s  t h e  
t e n s i l e  s t r e n g t h  o f  t h e  s i n g l e  i n d e n t  c o n f i g u r a t i o n  cr imped 
c o n t a c t  a s s e m b l i e s .  T h i s  was o b s e r v e d  f o r  74 p e r c e n t  o f  t h e  
spec imen g r o u p s .  It i s  concluded  t h a t  t h e  s a l t  f o g  env i ronmen t  
d e c r e a s e d  t h e  t e n s i l e  s t r e n g t h  o f  t h e  d o u b l e  i n d e n t  c o n f i g u r a t i o n  
c r imped c o n t a c t  a s s e m b l i e s .  T h i s  was o b s e r v e d  f o r  70 p e r c e n t  
o f  t h e  spec imen g r o u D s ,  The r e s u l t s  p r o v i d e  a n  i n d i c a t i o n  o f  
c o r r e l a t i o n  t h a t  t h o s e  g r o u p s  which f a i l  by t h e  mechanism o f  
w i r e  s l i p p a g e  i r x r e a s e  i n  t e n s i l e  s t r e n g t h  d u e  t o  t h e  pre5enc.e 
o f  c o r r o s i o n  p r o d u c t s  a t  t h e  c r i m p  i n t e r f a c e .  T h i s  i s  i n d i c a t e d  
f o r  b o t h  s i n g l e  and d o u b l e  i n d e n t  c o n f i g u r a t i o n s .  The c o n v e r s e  
i s  a l s o  i n d i c a t e d ,  i . e , ,  t h a t  r e d u c t i o n  i n  t e n s i l e  s t r e n g t h  was 
o b s e r v e d  a f t e r  s a l t  f o g  e x p o s u r e  f o r  t h o s e  g r o u p s  hav ing  wire 
f r a c t u r e  a s  t h e  f a i l u r e  mechanism. 

It i s  conc luded  t h a t  t h e r e  was n o t  any  s i g n i f i c a n t  d i f f e r e n c e  i n  
v o l t a g e  d r o p  f o r  any  of  t h e  specimen g r o u p s  i n i t i a l l y .  It i s  
c o n c l u d e d  t h a t  w i t h  e x p o s u r e  t o  t h e  e n v i r o n m e n t a l  s t r e s s e s  t h a t  
t h e  c o n d u c t a n c e  o f  t h e  s i n g l e  i n d e n t  s r o u p s  d e c r e a s e s  s i g n i f  i- 
c a n t l y  more t h a n  t h e  c o r r e s p o n d i n 2  d o u b l e  i n d e n t  GrouFs. T h i s  
c o n c l u s i o n  i s  l a r g e l y  i n f l u e n c e d  by t h e  pe r fo rmance  of  t h e  1JA5 
and !.is g r o u p s .  The r e s u l t s  from t h e  CE g r o u p s  a r e  n o t  a s  T;ro- 
no unc e d  . 
The d a t a  g i v e s  i n d i c a t i o n  o f  a n  i n d e n t  d e p t h  i n c r e a s e  a s  a 
f u n c t i o n  o f  t h e  t e m p e r a t u r e  s t r e s s  t e s t .  The expe r imen t  was n o t  
s t r u c t u r e d  t o  measure  i n d e n t  d e p t h  t o  t h e  a c c u r a c y  z e q u i r e d  t o  
p r o v i d e  c o n c l u s i v e  e v i d e n c e ,  t h e r e f o r e  no c o n c l u s i o n  i s  nade .  

3 e f o r m a t i o n  and a x i a l  bending o f  t h e  c o n t a c t  b a r r e l  i s  g r e a t e s t  
f o r  t h o s e  a s s e m b l i e s  Lvhich a r c  crirnFed t o  t h e  s rna l le r  i n d n n t o r  
spac ing-s .  
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APPENDIX A 

LIST O F  PURCHASED MATERIALS 

used in 

A Study for  the Determination 
of the Indent Depth and Configuration 

for  the Maximum Reliability 
Connections when Nickel Plated 
Copper Wire is Crimped into 

Gold Plated Connector Contacts 

Contract No. NAS8-20407 
(Melpar Job No. 6344.00 100) 

Prepared for  

George C. Marshall Space Flight Center 
Huntsville, A1 ab m a  
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APPENDIX B 

SAMPLE GROUP IDENTIFICATION CODE 

used in 

A Study for the Determination of the Indent 
Depth and Configuration for  the 

Maximum Reliability Connections 
when Nickel Plated Copper Wire  

is Crimped into Gold Plated 
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E APPENDIX B 

SAMPLE IDENTIFICATION CODE I 
Explanation of Sample Code I 

Contact Type Contact Size Indent Indentor Spacing Wire Size 

Abbrev. C T  c s  I I S  w s  
I 

I 
I IBM Col. 1 2 3 4 - 6 7  - 9 10 11 12 14 15 

1 6 6 2  2 0  S 0 3 4  2 2  

i 6 6 3  1 6  I n 0 3 7  2 0  

3 1 9 2  0 4 0  1 6  

3 1 9 3  0 4 3  

C E P I  

C E S O  

0 4 6  

0 5 0  

0 5 4  

P 
I 

B-2 
, 

0 3  2 

0 5 9  



i 

INDENT CODE USED FOR SAMPLE GROUP 

Serial 
Number 

Serial 
Number Lot Identity - Lot Identity - 

1662 20 SO34 22 
1662 20 SO37 22 
1662 20 SO40 22 
1662 20 SO43 22 

00 1 
002 
003 
004 

1662 
1662 

16 DO50 16 
16 DO54 16 

031 
032 

20 SO34 22 
20 SO37 22 
20 SO40 22 
20 SO43 22 

1663 
1663 
1663 
1663 

033 
034 
035 
036 

1662 20 DO34 22 
1662 20 DO37 22 
1662 20 DO40 22 
1662 20 DO43 22 

005 
006 
007 
008 1663 

1663 
1663 
1663 

20 DO34 22 
20 DO37 22 
20 DO40 22 
20 DO43 22 

037 
0 38 
039 
040 

i662 2G SO37 20 
1662 20 SO40 20 
1662 20 SO43 20 
1662 20 SO46 20 

009 
010 
011 
012 1663 

1663 
1663 
1663 

20 SO37 20 
20 SO40 20 
20 SO43 20 
20 SO46 20 

041 
042 
043 
044 

1662 20 DO37 20 
1662 20 DO40 20 
1662 20 DO43 20 
1662 20 DO46 20 

013 
014 
015 
016 20 DO37 20 

20 DO40 20 
20 DO43 20 
20 DO46 20 

1663 
1663 
1663 
1663 

045 
046 
047 
048 

1662 16 SO37 20 
1662 16 SO40 20 
1662 16 SO43 20 
1662 16 SO46 20 

017 
018 
019 
020 1663 

1663 
1663 
1663 

16 SO37 20 
16 SO40 20 
16 SO43 20 
16 SO46 20 

049 
050 
051 
052 

1662 16 DO37 20 
1662 16 DO40 20 
1662 16 DO43 20 
1662 16 DO46 20 

021 
022 
023 
024 1663 

1663 
1663 
1663 

16 DO37 20 
16 DO40 20 
16 DO43 20 
16 DO46 20 

053 
054 
055 
056 

1662 16 SO43 16 
1662 16 SO46 16 
1662 16 SO50 16 
1662 16 SO54 16 

025 
026 
027 
028 1663 

1663 
1663 
1663 

16 SO43 16 
16 SO46 16 
16 SO50 16 
16 SO54 16 

057 
058 
059 
06 0 

1662 16 DO43 16 
1662 16 DO46 16 

029 
030 

B-3 



I 
I 
I 
I 
I 
1 
D 
c 
E 
I 
I 
I 
I 
I 
I 
I 
E 
D 
I 

INDENT CODE USED FOR SAMPLE GROUP (Cont.) 

Lot Identity - 
Serial 

Number Lot Identity - 
Serial 

Number 

1663 16 DO43 16 
1663 16 DO46 16 
1663 16 DO50 16 
1663 16 DO54 16 

3192 20 SO34 22 
3192 20 SO37 22 
3192 20 SO40 22 
3192 20 SO43 22 

3192 20 DO34 22 
3192 20 DO37 22 
3192 20 DO40 22 
3192 20 DO43 22 

3192 20 SO37 20 
3192 20 SO40 20 
3192 20 SO43 20 
3192 20 SO46 20 

3192 20 DO37 20 
3192 20 DO40 20 
3192 20 DO43 20 
3192 20 DO46 20 

3192 16 SO37 20 
3192 16 SO40 20 
3192 16 SO43 20 
3192 16 SO46 20 

3192 16 DO37 20 
3192 16 DO40 20 
3192 16 DO43 20 
3192 16 DO46 20 

3iga 16 so43 16 
3192 16 SO46 16 

061 
062 
063 
064 

065 
066 
067 
068 

069 
070 
071 
072 

073 
074 
075 
076 

077 
078 
079 
080 

081 
082 
083 
084 

085 
086 
087 
088 

089 
090 

B -4 

3192 16 SO50 16 
3192 16 SO54 16 

3192 16 DO43 16 
3192 16 DO46 16 
3192 16 DO50 16 
3192 16 DO54 16 

3193 20 SO34 22 
3193 20 SO37 22 

nn anAn 09 

3193 20 SO43 22 
PV uv-sv YO 

3193 20 DO34 22 
3193 20 DO37 22 
3193 20 DO40 22 
3193 20 DO43 22 

3193 20 SO37 20 
3193 20 SO40 20 
3193 20 SO43 20 
3193 20 SO46 20 

3193 20 DO37 20 
3193 20 DO40 20 
3193 20 DO43 20 
3193 20 DO46 20 

3193 16 SO37 20 
3193 16 SO40 20 
3193 16 SO43 20 
3193 16 SO46 20 

3193 16 DO37 20 
3193 16 DO40 20 
3193 16 DO43 20 
3193 16 DO46 20 

091 
092 

093 
094 
09 5 
096 

097 
098 
099 
100 

101 
102 
103 
104 

105 
106 
107 
108 

109 
110 
111 
112 

113 
114 
115 
116 

117 
118 
119 
120 



I 
I 
1 
I 
I 
t 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 

Lot 

3193 
3193 
3193 
3193 

3193 
3193 
3193 
3193 

CEPI 
CEPI 
CEPI 
C EPI 

CEPI 
CEPI 
CEPI 
CEPI 

CEPI 
C EPI 
CEPI 
CEPI 

CEPI 
CEPI 
CEPI 
CEPI 

CEPI 
C EPI 
CEPI 
C EPI 

CEPI 
C EPI 
C EPI 
C EPI 

- 

INDENT CODE USED FOR SAMPLE GROUP (Cont.) 

Identity 

16 SO43 16 
16 SO46 16 
16 SO50 16 
16 SO54 16 

16 DO43 16 
16 DO46 16 
16 DO50 16 
16 DO54 16 

20 SO34 22 
20 SO37 22 
20 SO40 22 
20 SO43 22 

20 DO34 22 
20 DO37 22 
20 DO40 22 
20 Do43 22 

20 SO37 20 
20 so40 20 
20 SO43 20 
20 SO46 20 

20 DO37 20 
20 DO40 20 
20 DO43 20 
20 DO46 20 

16 SO37 20 
16 SO40 20 
16 SO43 20 
16 SO46 20 

16 DO37 20 
16 DO40 20 
16 DO43 20 
16 DO46 20 

Serial 
Number 

121 
122 
123 
124 

125 
126 
127 
128 

129 
130 
131 
132 

133 
134 
135 
136 

137 
138 
139 
140 

141 
142 
143 
144 

145 
146 
147 
148 

149 
150 
151 
152 

B -5 

Lot Identity - 

CEPI 16 SO43 16 
CEPI 16 SO46 16 
CEPI 16 SO50 16 
CEPI 16 SO54 16 

CEPI 16 DO43 16 
CEPI 16 DO46 16 
CEPI 16 DO50 16 
CEPI 16 DO54 16 

CESO 20 8034 22 
CESO 20 SO37 22 
CESO 20 SO40 22 
CESO 20 SO43 22 

CESO 20 DO34 22 
CESO 20 DO37 22 
CESO 20 DO40 22 
CESO 20 DO43 22 

CESO 20 SO37 20 
CESO 20 SO40 20 
CESO 20 SO43 20 
CESO 20 SO46 20 

CESO 20 DO37 20 
CESO '20 DO40 20 
CESO 20 DO43 20 
CESO 20 DO46 20 

CESO 16 SO43 16 
CESO 16 SO46 16 
CESO 16 SO50 16 
CESO 16 SO54 16 

CESO 16 DO43 16 
CESO 16 DO46 16 
CESO 16 DO50 16 
CESO 16 DO54 16 

Serial 
Number 

153 
154 
155 
156 

157 
158 
159 
160 

161 
162 
163 
164 

165 
166 
167 
168 

169 
170 
171 
172 

173 
174 
175 
176 

177 
178 
179 
180 

181 
182 
183 
184 



DENT CODE USED FOR SAMPLE GROUP (Cont. ) 

Serial 
Lot IdentiQ Number - 
1662 20 DO32 22 
1662 20 DO34 20 
1662 16 DO40 16 
1663 20 DO32 22 
1663 20 DO34 20 
3192 16 DO50 20 
3193 20 DO32 22 
3193 16 DO50 20 
CEPI 20 DO46 22 
CEPI 20 DO50 20 
CEPI 16 DO50 20 
L L ~ I  iG 2059 15 
CEPI 16 DO50 20 
CEPI 16 DO59 16 

-- -* 

CESO 
CESO 
CESO 
CESO 
CESO 
CESO 
CESO 
CESO 

16 SO37 20 
16 SO40 20 
16 SO43 20 
16 SO46 20 
16 DO37 20 
16 DO40 20 
16 DO43 20 
16 DO46 20 

201 
202 
203 
204 
2 05 
206 
207 
208 
209 
210 
211 
212 
213 
2 14 

301 
302 
303 
3 04 
305 
306 
307 
308 

B-6 
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APPENDIX C 

ENVIRONMENTAL EXPOSURES 
SAMPLE OF SPECIMENS 

used in 

A Study for  the Determination of the 
Indent Depth and Configuration for  the 

Maximum Reliability Connections 
when Nickel Plated Copper Wire is 

Crimped into Gold Plated Connector Contacts 

Contract No. NAS8-20407 
(Melpar Job No. 6344.00100) 

Prepared for 

George C. Marshall Space Flight Center 
Huntsville, Alabama 

Submitted by 

Melpar, Inc. 
7700 Arlington Boulevard 

Falls Church, Virginia 22046 

May 1967 
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I TEST ind  EVALUATION REQUEST 
QC-287 .  1/66 N C R  P A P E R  

Location Ext. 

B. H. Dennison FC 2553 
ype of Rrport R e q u a t d  
e k n  D a r t s  with 

I 
Dote of Request -25.196- 
Date Specimen 001 t o  Lab. -&UL2&- 
Requerted Date of Completion Dec. 24. 1966 

Witnrrr Requirod 
MELPAR OC Air Force 

Other (Specify) 
1 

T E S T  . - - .  
Port No. of Specimrn 

Serial No. of Specimen 
Crimp Indent Depth - 

184 sample lots of 50 crimps (25 
I wires) I 

urposr  of Test (Summarirr)  

Part of study of reliability of single and double indent crimped contacts -- gold-plated or  
E - p l a t e d  wire. 

Sketch or Dercription o f  D u i r e d  Test Setup 

pnvlronmental  Test  per MIL-STD-202B 

1. 

2. 

Thermal Shock per Method 107A, Test Condition Wtl 

Temperature Cycling per Method 102A, Test Condition ttD*w 

I 3. Life Test per Method 108, Test Condition 

4. Vibration Test per Method 204B, Test Condition 1°Bvc I 
eferencer (Documentr which d r t a i l  rnvironmentol COnditlOn8 under which tort la to be conducted) 

AS8-20407 t xhibit "A" Scope of Work 

TOBECOMPLETEDBYTESTANDEVALUATIONLABORATORY 
Dote 

Test Engineer 

quipment 
Request R r 6 d  12 /1/6 6 
Specimen Rec'd 12/1/66 
Plan Completed U S 6  
Test Scheduled 12 /u66  
Tom Complr t rd 1/12/67 



TEST ITEM 
__ 

"*ME 184 Sample Lots of Cables with Crimp Indent 1 Terminals on each end. 

Not amlicable 
RT NO. 

D A T E  

20 January 1967 

6344.00100 

1602 

JOB NO. 

TEST REQUEST NO. 

~ P E  O F  TEST I TEST ENGINEER 

Not applicable 

Melpar, Inc. 
NUFACTURER 

OR I G I N A TOR 

Be He Dennison 

8 Dec. 1966 to 12 Jan. 1967 
TEST D A T E  

OPE R AT0 RS OBSERVERS TEST EQUIPMENT 

I Thermal Shock, Temperature Cycling, Life Test & Vibration 

I 

I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

A. R. Chouinard 

J. C. Coleman 
C. 9. Barrett  
R. W. Baker 

None (1) Ling Vibration Exciter, 

(2) Ling Power Amplifier 

(3) Glennite Cathode Follower, 

(4) Endevco Accelerometer, 

(5) MB Vibration Control Console, 

(6) Tenney Stratosphere Chamber, 

(7) Honeywell Temperature 
Recorder Controller, TI 2073-1 

(8) Honeywell Temperature 
Recorder, TI 907-1 

(9) L and N Potentiometer, TI 1304-2 
(10) Partlow Oven, TI 1939-1 
(11) Thermocouple Reference Junctlon 

(12) Bowser Stratosphere Chamber, 

TI 2997-1 

TI 1nnn-1 

TI 525-3 

TI 1288-1 

TI 3244-1 

TI 968-1 

BOX, T.J. 547-2 

TI 967-1 

1.0 Purpose 

1.1 To subject 184 sample lots of 25 wires each to environmental tests as specified 
in MIL-STD-202B as listed below: 

1. Thermal Shock, Method 107A, Test Condition C. 

2. Temperature Cycling, Method 102A, Test Condition De 



3. 

4. 

Life Test, Method 108, Test Condition B. 

Vibration Test, Method 204B, Test Condition B. 

I 
1 

2.0 Results 

I 
I 
I 
I 
1 
1 
I 
t 
t 
I 
1 
I 
I 
1 
I 
I 

2.1 Thermal Shock testing of 184 sample lots of 25 wires each was completed 
as specified in MIL-STD-BOBB, Method 107A, Test  Condition C. The visual 
examinations, after conclusion of Thermal Shock testing, did not disclose 
any apparent external effects. 

2.2 Temperature cycling of 184 sample lots of 25 wires each was completed 
as specified in MIL-STD-BOBB, Method 102A, Test  Condition D. The visual 
examination after conclusion of Temperature Cycling did not disclose any 
apparent effects. 

Z.Y - - -.a. LiIe tescing , 1 .  01 - 0 4  103 rna11pk ---- L, -4- -# r i r i r n a  ...-VI P w h  ----- w m  ..-- - cnmpleted as specified 
in MIL-STD-BOBB, Method 108, Test Condition B. The visual examination 
after completion of the test did not disclose any apparent effects. 

2.4 Vibration testing of 184 sample lots of 25 wires each was completed as 
specified in MIL-STD-BOBB, Method 204B, Test Condition B. The visual 
examination after completion of two directions (8 hours of vibration) dis- 
closed that the wire to one terminal was broken where the wire  entered 
the crimp portion of the terminal. 

The terminal ends of each wire were not supported in any manner and were 
f ree  to resonate as cantilever beams. During the vibration cycling, each 
spring mass system (each terminal at the ends of the cables) resonated at 
a natural resonant frequency dictated by each system. Since the terminals 
were loose and free to move, most of the flexing was at the point where the 
wires entered the terminals. These points on the cables were considered as 
having the worst response and accounts for the one broken wire. No other 
effects were observed. 

3.0 Procedure 

3.1 Thermal Shock 

3.1.1 All the sample lots of wires were tied to a metal rack with nylon 
lacing cord. 

c-4 



3.1.2 Two chambers were utilized for this test. The TeMey Stratosphere 
Chamber was operated at -85°F to -919;’ for the low-temperature 
portion of the test. An oven was preconditioned at a temperature of 
approximately +80T in  excess of +4019;’ to compensate for the 
decrease in temperature which resulted when the cables were placed 
into the chamber and to insure that the test items were subjected to 
the required temperatures within 2 minutes after the chamber door 
was closed. Beaded copper-constantan thermocouples were installed 
in each chamber to monitor the temperature near the location of the 
test samples. 

. 3.1.3 The rack supporting the cables was transferred among the three 
environments according to  the following schedule: 

Temperature, ”F Time in minutes 

-859;’ - 9, + 0 
+ 7 7 T i  2 

+ ? ? O F +  2 
+ 3920F+ 9, - 0 

30 
5 

30 
5 

The above constituted one complete cycle. Thermocouple readings 
were recorded 2 minutes after installation of the samples to assure 
that the chambers met the thermal capacity requirements of Method 
107A of MIL-STD-202B. A total of five continuous complete cycles 
was performed. 

3.1.4 The samples were visually examined after completion of the fifth 
cycle. 

3.2 Temperature Cycling 

3.2.1 The same general procedure was used as for Thermal Shock testing 
except that the samples were cycled according to the schedule listed 
below: 

Temperature, ”F Time in minutes 

-67°F - 3, + 0 
+ 7 7 T f  2 
+185OF+ 5, 0 
+77”Ff 2 

30 
15 
30 
15 

After the end of the fifth cycle, the samples were visually examined. 

c-5 
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I 
I 
I 
1 
1 
I 
I 
1 
1 
I 
I 
I 
I 
I 
f 
I 
I 
I 
I 

3.3 Life Testing 

3.3.1 

3.3.2 

The rack supporting the samples was installed in the Bowser 
Stratosphere Chamber. 

The chamber temperature was increased to + 1 8 5 T  and held at this 
temperature for 263 hours. At the end of this period, the samples 
were removed from the chamber and examined. 

3.4 Vibration 

3.4.1 

3.4.2 

3.4.3 

3.4.4 

The samples were attached to a circular aluminum plate with steel 
shipping bands. The portions of the cables in contact with the slippery 
bands were padded with rubber isomode pads. 

The samples were vibrated for 4 hours along each of the three mutually 
perpendicular directions at an input of 0.060 inches double amplitude 
between 10 Hz and 70 Hz and with an input of 15 G between 70 Hz and 
2000 Hz. A logarithmic frequency sweep with the time adjusted to 
t raverse  the frequency range from 10 to 2000 and return 10 Hz in 20 
minutes was used throughout the total of 12 hours of vibration. 

The input displacement level was monitored from the output of the 
excitation velocity generator system. The input acceleration level 
was monitored from the output of a piezoelectric accelerometer on 
the aluminum plate near the samples. 

Polaroid photographs were  taken of each vibration test setup and are 
included with this report. 

4.0 Disposition 

4.1 The cable samples were returned to Mr. B. H. Dennison of the Research 
Division at Falls Church. 

ye- . 
b .  

A. R. Chouinard, Sr. Engineer 
Approved: 

Thst and Evaluation Branch Test and Evaluation Branch 

C - 6  
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1115 
1135 

1140 

TEST ITEM 

-- -- +401"F 
-- 78°F +398"F Cables removed (End cycle #3) 

-90°F -- -- Zables placed in Tenney chamber. 

ENVIRONMENTAL TEST DATA SHEET P A G E 1  OF- 



I .  
I 
I 
I 
I 
I 
I 
I 
1 
1 
t 
I 
I 
t 
I 
I 
I 
I 
I 

2 PAGE - OF - 
SUP PL EM EN T ARY 

TEST ITEM 

NAME . Cables ENVIRONMENTAL TEST DATA SHEET DATE 12-8-66 
PART NO. JOB NO. 6344.00100 
SERIAL NO. NAME OF TEST TEST REQUEST NO. 1602 
MANUFACTURER Thermal Shock DATA SOURCE 

DATA RECORDER Jc CB 

. .  C-8 
, 



I 
1 
I 

PAGE 3 OF - 
SU PPL EM EN T A RY 

TEST ITEM 

NAME . Cables ENVIRONMENTAL TEST DATA SHEET DATE 12-8-66 
PART NO. JOB NO. 6344.00100 
SERIAL NO. NAME OF TEST TEST REQUEST NO. 1602 
MANU F ACTU R ER DATA SOURCE Thermal Shock 

c-9 

DATARECORDER CB Jc ' '  
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1 
I 
I 

t 
I 
I 

TEST ITEM 

NAME Cables 
PART NO. 
SERIAL NO. 
MANU F ACTUR ER 

TEST EQUIPMENT 
Tenney Chamber (TI 968-1) 
Hi-Temp. Oven (TI 1939-1) 

ENVIRONMENTAL TEST DATA SHEET PAGE- OF- 

DATE Dec. 9, 1966 
JOB NO. 6344.00100 

TEST ENGR. A. R. Chouinard 
NAME OF TEST TEST REQUEST NO. 1602 

Temp. Cycling OPERATOR J- Coleman 

TEST 
SPEC1 FlCATlON 

C. Barrett 
WITNESSES 

Temp. Recorder (TI 907-1) 
L&N Potentiometer (TI 1304-2) 

DATA RECORDER J. c *  C. B. t I 
c-10 



I 
I 

TEST ITEM 

2 
PAGE - OF - 

SU PP L EM EN T A R Y  

NAME , Cables ENVIRONMENTAL TEST DATA SHEET DATE b c *  9s 1966 
PART NO. JOB NO. 6344.00100 
SERIAL NO. NAME OF TEST 
MANUFACTURER 

TEST REQUEST NO. 1602 
DATA SOURCE Temp. Cycling 

DATA RECORDER J. c-  B. 
c-11 



I 
1 
I 
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I 
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I 
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TEST ITEM 
NAME Cables 
PART NO. 
SERIAL NO. 
MANU F ACTU R E R 

TEST EQUIPMENT 
Bowser Chamber TI 967-1 

ENVIRONMENTAL TEST DATA SHEET 

NAME OF TEST 

Life (Temp.) 

TEST 
SPEC1 FlCATlON 

12-12-661 0840 

12-12-661 0920 

12-13-66 0800 

12-14-66 -t 0800 

12-15-66 0800 

12-16-66 0808 

12-19-66 1235 

12-20-66 I 0850' 

12-22-66 I 0850 

12-23-66 0800 

1 PAGE - OF - 

DATE Dec. 12, 1966 

TEST REQUEST NO. 1602 

OPERATOR c* B r r e t t  

WITNESSES 

JOB NO. 6344.00100 

TEST ENGR. A. R. Chouinard 

~ 

Due to end on 22 Dec. 
~~ 

c-12 

DATA RECORDER & 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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G DA 

TEST ITEM 
NAME Cables (Crimp Indent) 
PART NO. 
SERIAL NO. 
MANU F ACTU R E R Melpar Inc 

1.70 
Sweep Settings 10 x 1.80 Cycles 

TEST EQUIPMENT 

-lo 
10-2kc 

10-2kc 
- 

-io& 

_ _  _ _  
Ling A300B T. I. 
Accl. #5277 
Glennite Cathode Follower 
Ling Power Supply T.I. 1800-1 

* 
-10 

Date 

10-2kc 
-10 

10-2kc - 10 
10-2kc 
-10 

I Start I stop 

~ 

0.060 15.0 3 

0.060 15.0 4 

0,060 15.0 5 

0.060 15.0 6 

0.060 15.0 7 

_____ _ _ ~  

9 Jan671 1458 1 

~ 

I 

r . 

9 Jan 67 

0.060 

0.060 

0.060 

1 
15.0 ) First Cycle (vertical) 

1 J 
15.0 2 9 Jan 67 

loJan671 0801 J 0821 - 

1518 1538 

9 Jan 67 

9 Jan 67 

9 Jan  67 

9 Jan 67 

9 Jan 67 

PAGE- OF- ENVIRONMENTAL TEST DATA SHEET 

1538 1558 

1558 1618 

1618 1638 

1638 1658 

1658 1718 

NAME OF TEST 

0.060 

0.060 

0.060 

DATE 9 January 1967 
JOB NO. 6344.00100 
TEST REQUEST NO. 1602 

15.0 8 

15.0 9 

15.6) 10 
.- 

TESTENGR. R. W. Baker 
Vibration OPERATOR w- Baker 

0.060 

TEST 
SPECIFICATION 

~~ ~~ 

15.0 11 

~~ 

WITNESSES None 

10Jan67 

- 

MIL-STD-2O2B 
Method 204A, Test Condition B 

0921 0941 

Freq 

0.060 

~ ~~ 

10-70 

15.0 12 

?(! -2kc 
-70 

70-10 
1 0 - Z k C  

- 10 
10-2kc 

10If,y 
10-2kc 

- 10 

(inches)l (peak) 1 Dieted corn- I 

1 I 
~~ 

I 

DATARECORDER R *  Baker 
C-13 



TEST ITEM 
SUPPLEMENTARY 

NAME .Cables (C.rimr, Indent) ENVIRONMENTAL TEST DATA SHEET DATE 10 Januarv 1967 
PART NO. JOB NO. 6344.00100 
SERIAL NO. NAME OF TEST TEST REQUEST NO. 1602 
MANUFACTURER Vibration DATA SOURCE 

MIL-STD-BOZB, Method 204A, Test Condition B 

DATARECORDER R* w. Baker 
C-14 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

r 

I 
f I 

PAGE - OF - 
TEST ITEM 

SUPPLEMENTARY 

NAME , Cables (Crimp Indent) ENVIRONMENTAL TEST DATA SHEET DATE l1 January 1967 
PART NO. JOB NO. 6344.00100 
SERIAL NO. NAME OF TEST TEST REQUEST NO. l6O2 
MANUFACTURER M e b a r s  InC* Vibration DATA SOURCE 
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ST and'EVALUATION REQUEST 
1/60 NCR P A P E R  

Clarr. Cognizant Eng. 

B. H. Dennison 

I 
Location Ext. Date of Roquest March 1. 1967 

Date Specimen Del to  Lab. -- 
Requerted Date of Cornplotion M u c h  l2 ,  19G7 2553 FC 

ronnel Arr ignrd to Test Type of Report Roquwtd  Witnrer Requind 
MELPAR OC Air Force 

~~ 

Name of  Specimen Part N0.01 Specimen 

IJALT FOG DATA 

I 
Salt Fog, 1/2$, 5 0 T ,  10 Days( 184 Six wire groups 

Other(Spocify) 

Srr ial No. o f  Sprcimen 

I I 
pose of Tert  (Summarizr) 

he purpose of the test is to determine the extent of corrosion and degradation for the sample 
rimped contacts prepared from nickel plated copper wire and gold plated contacts. The specimens 

will be tested for electrical and mechanical properties, Le., voltage drop and tensile strength. 
a 
kotch or Dercription of  Dmi red  Test Setup 

L h e  tied bundles of wire specimens shall be suspended by the cord loops. 

rences (Documents which detai l  environmental condition8 under which tort 18 to be conducted) 

IL-STD-BOBC, "Test Methods for Electronic and Electrical 
mponent Parts" Method lOlB llSalt Spray (Corrosion)11 

odified for 1/28 Concentration, 50T, and 10 Days / 
L Estimate of 1/10/67 

Plan Completed 

Test Scheduled 
T e n  Complrted 

3 l / d - / L  I 
a t r d  Hrr. Actual Hn. 

C-16 



I 
Q C - 3 1 3 ,  2 / 6 5  I 

MELPAR,  INC. 

TEST AND EVALUATION LABORATORY 

SALT FOG TEST REPORT 

(ORIGINATOR (Name  & Group) B. H e  Dennison 

Equipped with Gold Plated Crimp Connectors a t  each end. 

TEST SAMPLES MIGSTD-202Cy Method l O l B ,  Modified f o r  1/2% s a l t  solut ion.  

CHAMBER OPERATION 50°C Tempeyature, 1/2% salt  so lu t ion .  

ANGLE O F  EXPOSURE Horizontal 

DURATION O F  EXPOSURE 10 days 

DATES OF EXPOSURE from 3/3/67 t o  3/13/67 

(RESULTS Immediately upon completion of t he  t en  day test, the  t es t  items were removed 

from t h e  chamber and r insed  with d i s t i l l e d  water. 
a t  this time revealed only minor s a l t  deposi ts  on the  majority of t he  connect- 
ors.  

An examination conducted 

No r u s t  o r  corrosion was apparent on any of the  samples. 

A similar examination conducted on the  tes t  items approximately 24 hours after 
completion of t he  t es t  revealed some s l i g h t  corrosion i n  the crimp areas  of 
t he  connectors on a small percentage or" the  samples. 

C-17 
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APPENDIX D 

,DATA SUMMARY VOLTAGE DROP 
OF INDENT STUDY GROUPS 

used in 

A Study for the Determination of the 
Indent Depth and Configuration for  
.the Maximum Reliability Connections 
when Nickel Piaieri Zoppei' "v'ii-e 
is Crimped into Gold Plated Connector 
Contacts 

Contract No. NAS8-20407 
(Melpar Job No. 6344 .OOlOO) 

prepared for 
George C. Marshall Space Flight Center 

Huntsville, Alabama 

Melpar, Inc. 
7700 Arlington Boulevard 

Falls Church, Virginia 22046 

May 1967 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Q) 
N 
53 
c, 
0 
cd 
c, 

0 

Q) 
N 

Q) 
k 

53 

s 
AVD 

c, 

8 
fi 

s 

a 

Q) 

zc AVD 

1662-20 ( )034-22 
( ) 037 
( ) 040 
( ) 043 

1662-20-22 Avg. 

1662-16 ( ) 037-20 
( ) 040 
( ) 043 
( 1046 

16 62 - 16-2 0 Avg . 

1662-16 ( ) 043-16 
( 1046 
( ) 050 
( ) 054 

1662-16-16 Avg. 

1663-203 ) 034-22 
( ) 037 
( ) 040 
( ) 043 

1663-20-22 Av~. 

5.43 6.30 9.67 
6.40 9.74 12.23 
6.20 6.81 13.49 
5.34 8.40 16.05 
5.84 7.81 12.86 

6 . 3 8  1 . 5 3  15.12 
5.81 9.91 19.18 
7.60 10.56 22.51 
6.04 7.37 13.97 
6.45 8.92 18.04 

5.00 5.47 10.27 
6.47 8.85 16.01 
8.94 14.32 34.52 
8.86 14.97 37.62 
7.32 10.90 24.61 

7.06 8.52 13.73 
7.96 9.22 16.32 
8.63 12.18 26.61 
8.62 11.07 18.93 
8.07 10.25 18.90 

5.30 6.08 9.93 
6.61 8.71 21.12 
7.24 8.70 17.59 
6.59 7.45 22.39 
6.48 7.74 17.76 

D-2 

4.24 
5.83 
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A STUDY O F  THE EFFECTS OF INDENT CONFIGURATION 
UPON THE TENSILE STRENGTH OF CRIMP CONNECTIONS 

1. INTRODUCTION 

This report describes and presents the results of a study of the effects of two 
different indent configurations upon the tensile strength and variability in tensile 
strength of crimp connections made using nickel-plated copper wire in gold-plated 
connector contacts. The study was conducted by Melpar, Inc. , Falls Church, 
Virginia, for  the Marshall Space Flight Center under Contract NAS8-2047. The study 
was part of a broader study entitled "Indent Depth and Configuration Study for Maxi- 
mum Reliability Connections of Nickel-plated Copper Wire in Gold-plated Connector 
Contacts. f f  

2. PURPOSE 

The purpose of the study described herein was to test the foiiowng two 
research hypotheses. 

2 . 1  Hypothesis I 

Crimp connections, made using selected types of connectors and selected 
combinations of contact size, wire size, and indentor spacing, have a greater tensile 
strength when a double indent is used in making the connections than when a 
single indent i s  used. 

2 . 2  Hypothesis I1 

Crimp connections, made using selected types of connectors and selected 
combinations of contact size, wire size, and indentor spacing, have a greater 
unjformity in tensile strength when a double indent i s  used in making connections 
than when a single indent is  used. 

3.  UWERSE OF DISCOURSE 

The universe of discourse for  this study consisted of those crimp connections 
made using the materials and combinations of materials specified in the contract 
statement of work. The results of the study are directly applicable to this population 
of crimp connections. Caution should be exercized in generalizing the results of this 
study to populations of crimp connections made using materials and/or combinations 
of materials not specifically included in the present study. 

4. METHODS AND PROCEDURES 

The following subsections summarize the methods and procedures used in 
the study. 
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1.1 General 

The study consisted essentially of comparing the average tensile strength of 
two matched samples of cr imp connections made using various combinations of 
connector types, contact sizes,  wire sizes,  and indentor spacings. One of the 
samples was made using a single indent and the other was made using a double ident. 
The research hypothesis for  the study was that the double indent configuration would 
result in cr imp connections having a greater (average) tensile strength than that of 
cr imp connections made using a single indent configuration. The statistical signifi- 
cance of the observed differences in the tensile strength of the two samples was 
assessed by the Wilcoxon Matched-pairs Signed-ranks Test. The rejection region 
fo r  the null hypothesis was one-tailed, and the significance level (CY ) f o r  the test 
was set at 0.025 (see section 5.3). This nonparametric statistical test was 
selected as an alternative to the parametric t-test because there  was evidence that 
the sample observations were drawn from non-normally distributed and non- 
hnmoscedastic populations. The Wilcoxon Test  has an asymptotic power-efficiency 
of 3/rr = 95.5 percent compared with the t-test when tne undedyiiig ass';;12"rtisr?s ef 
the the t-test are in fact met. 

4 . 2  Identification of Variables 

The following were established as the relevant variables for  the study. 

4 . 2 . 1  Dependent Variable 

The dependent variable for  the study was the tensile strength of the cr imp 
connections. Tensile strength was tested in accordance with MIL-T-22520B. 

4 .2 .2  Independent Variable 

The independent variable fo r  the study was the indent configuration used in 
making the cr imp connections. Two indent configurations were investigated: (a) a 
single indent and (b) a double indent. 

4 .2 .3  Controlled Conditions 

Control was exercised over the following variables which may have an effect 
upon the tensile strength of cr imp connections. 
samples which were matched with respect to these variables. 

The method of control was to use 

4 .2 .3 .  1 Connector Type: Each of the matched samples included s ix  
different types of connectors with gold-plated contacts. These six connectors may 
he classified into three different connector pairs  each consisting of a male and a 
female connector. The s ix  connectors and three connector pairs  were: 
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Pair 

I 
- Male 

NAS 1662 
- Female 

NAS 1663 

I1 MS 3192 MS 3193 

I11 Bendix CEPI Bendix CESO 

All connectors of a given type (i. e . ,  NAS, MS, Bendix) were of the same 
manufacture which served as a control over any variability in tensile strength that 
might be attributable to differences between connectors of different manufacture. 
In making the samples of crimp connections, connectors were selected at random 
from those purchased, thus randomizing between the two experimental conditions 
(i. e. , indent configurations) any remaining variability in properties of the connectors 
that might have an effect upon the tensile strength of the connections. 

4 . 2 . 3 . 2  Contact Size: Two differeiit e z l r t x t  sizes ~ ' l e r e  1ised for each of 
the six types of connectors. These were a size 20 and a size 16 contact. 

4 . 2 . 3 . 3  Wire: All crimp connections were made using nickel-plated copper - 
wire conforming to MIL-C-27500. Three different wire sizes were used in the 
study: sizes 22, 20, and 16. The same combinations of contact size and wire size 
were used in both samples. These combinations were: 

Contact Size Wire Size 

20 22 
20 20 
16 20 
16 16 

The wire used in making the samples of crimp connections was obtained from 
several different sources of supply. Although all wire conformed to MIL-C-27500, 
the possibility exists that wire from different manufacturers may have variations in 
certain properties that affect the tensile strength of crimp connections made using 
the wire. Unfortunately, this was not recognized when the samples of crimp 
connections were being prepared, and no records were kept to identify which 
connections were made with wire from which source. Fortunately, upon reviewing 
the procedures followed in assembling the two samples of connections, it appears 
reasonable to assume that wire from the same source was, in fact, used in preparing 
each of the pairs of connections made using the same combinations of connector 
type, contact size, wire size, and indentor spacing (see 4 . 2 . 3 . 4 ) .  Consequently, 
it seems reasonable to assume that the two samples were matched across the two 
experimental conditions with respect to the source of wire used in making the crimp 
connections. 

E-5 

I 



I 
I 
I 
I 

4 . 2 . 3 . 4  Indentor Spacing: Seven different indentor spacings (Dimension A, 
MS 3191) were used in making each of the two samples of crimp connections. These 
were: (a) 0.034", (b) 0.037", (c) 0.040", (d) 0. 0437f, ( e )  0.046", (f) 0 .  O5Otf, and 
(g) 0.054Tf .  Four of the seven different indentor spacings were used for each of 
the combinations of connector type, contact size, and wire size used in the study. 

function of the wire size used in the combination. The four indentor spacings used 
with each wire size were: 

. The specific four indentor spacings used in a given combination varied as a 

Wire Size Indentor Spacings 
'. 

22 0.034" 0.037" 0.040" 0.043" 
20 0.037" 0.040" 0.043" 0.046" 
16 0.043" 0.046" 0.050'' 0.054f '  

4 . 2 . 3 . 5  Total Number of Combinations of Materials and Indentor Spacings: 
A total of 92 different combinations of conneuioi; types, zo ; l tz t  sizes, -:.+re sizes, 
and indentor spacings were available in matched samples. 

4 . 2 . 3 . 6  Fabrication of Samples of Crimp Connections: Standardized pro- 
cedures were followed in preparing the two samples of crimp connections. Since 
the fabrication procedures were standardized, it may be reasonably assumed that 
the two samples of connections were matched with respect to any variables attri- 
butable to the method of fabrication which may have an effect upon the tensile 
strength of the crimp connections. 

4 . 2 . 3 . 7  Measurement of Dependent Variable: To obtain a typical measure- . c ., ment 01 tne tensile sii*eii@;th of cri,mp concectionc r?za.de nsing a specific connector 
type/contact size/wire size/indentor spacing combination, 30 specimen crimp 
connections were made for each of the 92 combinations of these variables under 
each of the two indent configurations. Within each of these 184 subsamples (i. e. , 
92 with a single and 92 with a double indent) of 30 specimens, all connections 
were made using materials, methods, etc., that were as homogeneous as could 
possibly be achieved within practical limitations. Each of the 30 specimens within 
each of the 184 subsamples was tensile tested using standardized procedures in 
accordance with MIL-T-Z2520B, and the arithmetic mean tensile strength for the 
30 specimens was calculated and used as the typical measurement of tensile strength 
fo r  the particular combination of materials, indentor spacing, and indent configura- 
tion. 

I 
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5. SYNOPSIS OF STUDY 

The study consisted essentially of comparing the tensile strength and relative 
variability in tensile strength of two matched samples of crimp connections. One of 
these samples was made using a single indent while the other was made using a 
double indent. Separate pairs of matched samples were made using each of six 
different connectors and various combinations of contact size, wire size, and indentor 
spacing. The research hypotheses were tested individually for applicability to crimp 
connections made using each of these six types of connectors. 

5 . 1  The Samples of Crimp Connections 

The six types of connectors used in the study were the NAS 1662, NAS 1663, 
MS 3192, MS 3193, Bendix CEPI, and Bendix CESO. Each of the two samples of 
crimp connections made with each of the six different connectors included four differ- 
ent combinations of contact size and wi re  size, and four different indentor spacings 
(see cectlnns 4.2. -3.3 and 4 . 2 . 3 :  4): 

5.2 Measurement of the Dependent Variables 

To obtain a representative measurement of the tensile strength of crimp con- 
nections made using a specific connector and a specific combination of contact size, 
wire size, and indentor spacing, sixty crimp connections were made for each com- 
bination of connector type, contact size, wire size, and indentor spacing, Thirty of 
these connections were made using a single indent, and 30 were made using a double 
indent. 
ance with MIL-T-22520B, and a measurement of the tensile strength of each of the 
30 specimen connections was obtained. The arithmetic mean and standard deviation 
of these samples of 30 measurements were computed. The sample mean was used 
as the best available estimate of the tensile strength of crimp connections made with 
the specific type of connector, the specific combination of contact size, wire size 
and indentor spacings, and the specific indent configuration represented by the sample 
of 30 connections. The ratio of the sample standard deviation to the sample mean 
(i. e. , the coefficient 06 relative variability) was used as the best estimate of the 
relative variability of crimp connections made using the materials, combination of 
materials, indentor spacing, and indent configuration represented by the sample of 
30 connections. 

Each of these two subsamples of 30 connections was tensile tested in accord- 

5. 3 Data Analysis 

To assess the effect of indent configuration upon the tensile strength of crimp 
connections, the sample means (obtained as described above) were cast into six 
matrices each consisting of 2 columns and 16 rows (table 1). Each of these six 
matrices corresponds to one of the six different connectors used in the study. Within 
a matrix, each column corresponds to one of the two indent configurations investigated, 
while each row corresponds to one of the 16 different combinations of contact size, 
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W i r e  
Size 

22 

20 

20 

1 6  

TABLE 1 

I 

REPRESENTATION OF GENERAL DESIGN OF THE STUDY WITH 
RESPECT TO THE EFFECTS OF INDENT CONFIGURATION 

Connector: XXXXXX 

Contact 
Size 

20 

20 

16 

1 6  

Indentor 
Spacing 

0.034" 
0.037" 
0.040" 
0.043" 
0.037" 
0.040" 
(j. 043;; 
0. 046" 
0.037" 
0.040" 
0.043" 
0.046" 
0.043" 
0.046" 
0.050': 
0.054" 

Indent Configuration - 

Double 

x 2  1 
x 2 2  

3 
3 

x2 3 
x 2  (16) 

i((jTE: eniri,is, xij, -----A - - - -I  nm'+hm-++in mnrJn tonailo drPn&hn in ntildy W G L G  aaulpl& a ~ i u u 1 ~ ~ * ~ ~  ~ & & e - ~ ~  -uIAuIA- --- -__ 
0---- --- of tensile strength and sample coefficients of relative variability in study of 

variability in tensile strength. 
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wire size, and indentor spacing used in making the crimp connections. Within a given 
row of the matrix, the cell entries are the sample mean tensile strengths obtained 
from the specimen connections made using the combination of materials, indentor 
spacing, and indent configuration represented by the particular cell in the matrix. 

Once the matrices had been prepared, the algebraic differences in tensile 
strength between the two cell entries in each row were calculated. In performing the 
subtraction, the tensile strengths in the single indent column were  subtracted from the 
corresponding tensile strengths in the double indent column. Thus, a difference in 
the direction predicted by the research hypothesis (section 2.1) had a positive sign 
while a difference in a direction opposite to that predicted by the research hypothesis 
would have a negative sign. The statistical significance of the observed differences 
in tensile strength was assessed using the Wilcoxon Matched-pairs Signed-ranks 
Test to test the null hypothesis that the true difference in tensile strength between 
crimp connections made using a double indent and those made using a single indent is 
zero. The significance level (a) for  the Wilcoxon Test was set at 0.025. The values 
of fi used in cne test are reporid in ialule 2,  
hypothesis was one-tailed due to  the directional prediction made in the research 
hypothesis (section 2.1). 

mi-- ----*-- c-- ,c th,. - . . i i  I I l l$  I C g l U l l  IUI I G J C L L I V ~ A  W L  U A U  LLULL 

The procedure used to assess the effect of indent configuration upon the relative 
variability in tensile strength of crimp connections was basically the same as that 
described above. In this case the cell entries in the matrices were the computed coef- 
ficients of relative variability for the 30 specimens of connections represented by 
each particular cell in the matrix, The algebraic differences between the coefficients 
of relative variability in each row were calculated by subtracting the cell ,  entries in the 
single indent column from those in the double indent column. In this instance a difference 
iii the d i i y t i o n  prcdicted by the research hypthesis T l  (section 2.2) had a negative sign 
indicating less variability and, hence, greater uniformity in tensile strength with a 
double indent. 

The statistical significance of the observed differences was again tested by 
means of the Wilcoxon Test. The null hypothesis tested wa9th;t the true difference in 
relative variability between crimp connections made using a double indent and those 
made using a single indent is zero. The significance level (or) for the test was. set at 
0.025. 
rejection of the null hypothesis was one-tailed due to the directional prediction made 
in the research hypothesis. 

The values of N used in the test a re  reported in table 3. The region for  
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6.  SUMMARY O F  RESULTS 

In general, the results of the stuLj supportec the conclusion that the tensile 
strength of crimp connections made using any of the types of connectors included in 
the study is both greater and more uniform when a double indent i s  used in making 
the connections than when a single indent is used. The single exception to this 
general conclusion is the Bendix CESO connector. The tensile strength and relative 
variability in tensile strength of crimp connections made using this connector were 
both unaffected by the indent configuration used in making the connections. The 
reasons for the obtained results with the Bendix CESO connector are not readily 
apparent . 

6. 1 Effect on Tensile Strength 

Table 2 summarizes the results of the study with respect to the effect of 
indent configuration zpon the tensile strength cf crimp connections. The table 
presents the arithmetic mean and median tensile strengths for each ot the two 
sample distributions of tensile strengths obtained for each of the six connectors 
included in the study (i. e. , the means and medians are for the single and double 
indent columns in the observation matrices for each connector). The table also 
shows the percentage changes in the mean and median tensile strengths in going 
from a single to a double indent configuration. 

In examining table 2, i t  will be noted that, with the single exception of the 
Bendix CESO connector, the mean tensile strengths obtained with a double indent 
are greater than those obtained with the single indent. In the case of the Bendix 
CEPI connector, the percentage increase in going from a single to a double indent 
is considerably less than it is for either the NAS o r  MS connectors. The slight 
decrease in tensile strength shown for the Bendix CESO connector in going from a 
single to a double indent is negligible. 

An inspection of the median values in table 2 reveals that in all instances 
the median tensile strengths obtained with a double indent are greater than those 
obtained with a single indent. Again, in the case of the Bendix CEPI connector, 
the percentage increase in tensile strength in going from a single to a double indent 
i s  considerably less than for either the NAS o r  MS connectors. The slight 
increase in tensile strength shown for the Bendix CESO connector in going from a 
single to a double indent is negligible. 

Although the observed differences between the tensile strengths obtained 
using a single and a double indent with the Bendix CEPI connector are statistically 
significant differences, the fact that the connections made with the Bendix CEPI 
showed such a small percentage increase in tensile strength in going from a single 
to a double indent, compared to the NAS and MS connectors combined with the fact 
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that the differences obtained with the Bendix CESO connector were not statistically 
significant, suggests that in the study some factor was operative that tended to 
minimize the effect of changes in indent configuration upon the tensile strength of 
the crimp connections made with these connectors. It is not readily apparent what 
this factor was. Since the contact sizes, wire sizes, type of wire, and indentor 
spacings used in making the crimp connections with the Bendix connectors were the 
same as those used with the NAS and MS connectors, it appears likely that the factor 
is some inherent property of the design of o r  materials used in making Bendix 
connectors. However, it may be that the factor is some other unidentified variable 
o r  some interaction effect among variables. Possibly the indentor spacings used in 
making the connections were not as ideally suited for use with the Bendix connectors 
as they were for use with the NAS and MS connectors which may have tended to 
minimize the effects of the differences in indent configuration. 

At this point it should be noted that, due to an oversight, the original samples 
of crimp connections made with the Bendix CESO connector did not include connections 
made using a size-16 contact and a size-20 wire. The effect of this oversight was to 
reduce the number of paired observations of tensile strength from the 16 pairs 
available for all other connectors to 12 for the Bendix CESO connector. It does not 
appear, however, that the results of the study with respect to the Bendix CESO 
connector can be attributed to the failure to  obtain the four pairs of measurements of 
tensile strength using the size-16 contact and size-20 wire and the associated 
indentor spacings. Once the oversight was discovered, the "missingf7 samples of 
crimp connections were, in fact, prepared and the required measurements of tensile 
strength obtained. However, inclusion of the data from these samples with the 
original data and re-evaluation of the overall data then available did not alter the 
findings with respect to the Bendix CESO connector. The effects of inclusion of the 
additional data upon the means and medians reported in table 2 were negligible. 
With the added data, the means for single and double indents were 32.8 and 33.2 
pounds, respectively, compared to the values 34.9 and 34.8 pounds shown in table 
2. With the added data, the median values for the single and double indent were 
27.5 and 30.2 pounds, respectively, compared to the 28.8 and 2 9 . 1  pounds reported 
in table 2. 

It will be noted in table 2 that in all instances the mean tensile strengths are 
greater than the corresponding median tensile strengths. This is attributable to the 
fact that the sample distributions of measurements included measurements from 
connections made using three different wire sizes and that the wire sizes used each 
had a significant differential effect upon the tensile strength of the connections made 
with the connectors, with tensile strength increasing as a function of increasing 
wire size. The approximate average percentage increase in tensile strength in 
going from a size-22 to a size-20 wire was 40.7 percent. The corresponding 
average percentage increase in tensile strength in going from a size-20 to a size- 
16 wire was 87.4 percent. The average percentage increase in going from a size- 
22 to a size-16 wire as 163.2 percent. The large difference in tensile strength 
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between connections made with size-16 wire and those made with either the size-22 
o r  size-20 wires tended to produce positive skewness in the sample distributions. 
This skewness is what is reflected by the difference between the mean and median 
values in table 2. It should be noted, however, that this has no effect upon the 
results of the study with respect to the conclusions that may be drawn concerning 
the effects of indent configuration upon the tensile strength of the crimp connections. 

Table 2 also presents the results of the Wilcoxon Test applied to the 
observed differences in tensile strength between each of the matched samples of 
connections. The table presents the computed value of the test statistic T used in 
the Wilcoxon Test, the value of N (the number of paired observations having a 
difference in tensile strength other than zero), and the significance level (m) at 
which the research hypothesis (section 2 .1)  may be accepted. An asterisk after 
the reported value indicates that the value falls within regions established in the 
study for rejection of the null hypothesis and acceptance of the research hypo- 
thesis. The table shows that the research hypothesis was accepted for all 
connectors except the Bendix CESO. 

6 .2  Effects on Uniformity in Tensile Strength 

Table 3 summarizes the results of the study with respect to the effect of 
indent configuration upon the relative variability in tensile strength of crimp 
connections. The organization of the table is  the same as that for table 2. The 
data reported are based upon the two sample distributions of coefficients of 
relative variability obtained for each of the six connectors included in the study. 

In examining table 3, it will be noted that for all connectors the mean 
coefficients of relative variability obtained with a double indent are less than those 
obtained with a single indent. With the exception of the Bendix CESO connector, the 
observed differences in the relative variability in tensile strength were statistically 
significant. 

Inspection of the median values reported in the table reveals that for all 
connectors except the Bendix CESO connector the median coefficients of relative 
variability obtained with a double indent are less than those obtained with a single 
indent. In the case of the Bendix CESO connector, the slight increase in relative 
variability in going from a single to a double indent is negligible. 

It will be noted that the percentage change in average variability in going 
from a single to a double indent is less for Bendix CEPI connector than for the 
NAS and MS connectors. This fact combined with the failure to observe significant 
differences in relative variability in going from a single to a double indent with 
the Bendix CESO connector again suggests, as it did in the case of the effects of 
indent configuration on tensile strength, that some factor was operative in the study 
that acted to minimize the effect of the different indent configurations when the 
Bendix connectors are used. 
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The results of the Wilcoxon Test presented in table 3 show that the research 
hypothesis (section 2 . 2 )  was accepted for all connectors except the Bendix CESO. 

7 .  INTERPRETATION O F  RESULTS AND CONCLUSIONS 

The results of the study indicate that, in general, the indent configuration used 
in making crimp connections has a significant differential effect upon the tensile strength 
and uniformity in tensile strength of the connections when the materials, combinations of 
materials, and indentor spacings used in making the connections are those specified in 
this report. The general effect i s  that a double indent configuration yields crimp 
connections that have a greater tensile strength and more uniformity in tensile strength 
than is obtained when a single indent is used in making the connections. 

It appears that the magnitude of the effect in going from a single to a double indent 
is different for different connectors. The NAS connectors, taken together, appear to 
be the most affected by indent configuration in that crimp connections made with the 
NAS connectors tended to show the greater percentage increase in tensile strength and 
the greater percent decrease in relative variability in going from a single to a double 
indent. Similarly, the Bendix connectors, taken together, appear to be the least 
affected by indent configuration in that crimp connections made with these connectors 
tended to show the least percentage increase in tensile strength and the least percentage 
decrease in relative variability in going from a single to a double indent. In the case of 
the Bendix CESO connector, in fact, there was no significant change in either the tensile 
strength o r  its relative variability in going from a single to a double indent configuration. 
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8 .  CONCLUSIONS RELATING THE NAS 1662/1663 CONNECTORS 

a. The tensile strength of crimp connections made using NAS 1662 connectors 
is greater than that of connections made using NAS 1663 connectors when a single 
indent configuration is used. However, this apparent difference in tensile strength 
between the two connectors is eliminated when a double indent configuration is used. 

b. The tensile strength of crimp connections made using either of the NAS 
connectors is greater when a double indent is used in making the connections than 
when a single indent is used. 

c. The tensile strength of crimp connections made using NAS connectors is 
significantly affected by the indentor spacing used in making the connections when the 
connections are made using a size-20 contact and size-22 wire. The effect is for 
tensile strength to decrease systematically as indentor spacing increases. 

d. The tensile strength of crimp connections made using NAS connectors 
also appears to be significantly affected by the indentor spacing used in making the 
connections when the connections are made using a size-20 contact and a size-20 wire.  
In general, the effect is the same as for  the size-20 contact and size-22 wire. 

e. The tensile strength of crimp connections made using NAS connectors is 
- not significantly affected by the indentor spacing used in making the connections when 
a size-16 contact is used in combination with either a size-20 o r  a size-16 wire. 

f .  The tensile strength of crimp connections made using NAS connectors is 
greater when a size-20 contact is used in combination with a size-20 wire than when 
the same contact size is used with a size-22 wire.  

g. The tensile strength of crimp connections made using NAS connectors is 
greater when a size-16 contact is used in combination with a size-16 wire  than when 
the same contact size is used with a size-20 wire. 

h. The observation made above in f.  and g. suggests that, for a given contact 
size,  tensile strength is greater when a matching wire  size is used in making the 
connections than when a wire size smaller than that of the contact is used, 

i. The tensile strength of crimp connections made using NAS connectors is 
greater when a size-16 contact is used in combination with a size-20 wire  than when 
a size-20 contact is used in combination with the same size wire. This suggests that, 
for a given wire  size, tensile strength is greater when a contact that is slightly larger 
than the s ize  of the wire is used in making the connections than when a contact the 
same size as the wire is used. 

j.  The tensile strength of crimp connections made using NAS connectors 
increases systematically as the sizes of the contacts and wire  used in making the 
connections increase. 
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9. APPLICABILITY OF RESULTS 

The results of this study are directly applicable to crimp connections made 
using the materials, combinations of materials, and indentor spacings included in 
this study. Caution should be exercised in generalizing the results of this study to 
crimp connections made using materials, combinations of materials, and indentor 
spacings other than those included in this study, 
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